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THM MAl’Xi:!! I'KJOSS YORK 1»A 


EXTRACT EROM AXJTHOR’S PREFACE TO THE 
FIRST EDITION 

This book was written at the suggestion of the publisJier, Dr. Enke. 
It was originally intended to be an abridged form of my larger book 
“ Fjloktroinagnetis(3he Schwiiigungcn und drahtlose Telegraphie” (Stutt- 
gart, 1905). It has, however, developed into something quite different; 
evidc^nee of this lies in the fad. that only 79 of the 332 illustrations of the 
larger book have been reproduced here. 

Since I began waiting .this l)Ook (winter 1906-1906) conditions in wire- 
less telegraphy have changed grc^atly. The mere fact that new devices 
and methods have appeared would be of relatively little importance; 
but the points of view determining the consideration of many of the 
probhuns of i-h(' art Inive cliahged entirely. This necessitated rewriting 
many portions of tlu' I)ook, whicli would otiiorwise have been out of date 
from its veny publicjition. I need hardly dwell on what this has meant 
for ])oth ih(* publislKM* and mys('lf. 

Tlu^ iuath(‘m'n-li(*.‘il pi’(Mnis(\s are the same as in my larger book. In 
tlu‘ t(‘xt, knowl(Mlg(' of only (‘haiKMitary mathematics — the use of differ- 
(‘iitial and int('graJ eah'ulus would have offered no advantage, — in the 
Not(^s, knowI(alg(* of llu^ ('kMiti'omagiU'tic tlunny is assumed. The phys- 
i(tal premise's an^ sonu'wiiat liigluu’ (lian in th(^ largc'i* ])ook; knowledge of 
ex[)('rimental ('l('(d.ro-j)hysi(\s and of the i)h(*nomena of alternating cur- 
r(‘nts, in short tlu^ ground covenul by the first four chapters of my larger 
book, is lu'tu'ssaryd’br a tliorougli uiKh'rstanding of this volume. 

I hav(^ Ixuui somewhat more s})aring with the Inbliography, for since 
a year ago, Dr. (i. Fichhorn, in the 'Mahr])nch fiir drahtlose Telegraphic, 
giv(^s d(^tail(xl rc'hu’c'iices to th(i literature on the subject. 

As rc^gards tlie (x)nimercial form of th(^ apparatus, most frequent refer- 
(*ii(?e has l)(xm mad(^ to the (lerman manufacturers (Ges. f. drahtl. Tel. 
and Amalgamated Radio-telegraph Co., ^.e., C. Lorenz, A. G.). In so 
doing I had no (h'sire to show these firms any preference. Description 
of all the dilRu’ent mak(\s of apparatus would have been prohibitive, and 
I have simply chos(?ii as examples the apparatus of those firms which 
Iilaced exact data and photographs at my disposal. Moreover other 
makes of apparatus are fully described in other books; I might mention 
the excellent works of J. A, Fleming and particularly of J. Erskine- 
Murray in this connection. 

J. Zenneck. 

JiiiAUNscnwEia, Physikauschejs Inhtitut 
DB tt TBCHNISCHBN HoCHSaHULB, 

Dez.f 190 $. 


V 







AUTHOR’S iniKFACK TO THE SECOND EDITION 


Only two and a half years after the appearance of the first edition, 
a s(Ui()ii(l one has become necessary, even though a French edition had 
already appeared in the meantime. The book, therefore, has been ac- 
(^()rd(Ml a much more favorable’! reception than I had dared hope. 

This S(n*ved particularly to spur me on to do everything within my 
pow(n* to make the second edition representative of the present status of 
wiredess teh'graphy. Due to its rapid development, this meant an ex- 
i(msive nwision of the entire book. 

UnfortiinaU'ly 1 found it impossible to carry out this revision without 
(»xt(Mi(ling tli(^ scope. In view of this wider scope, the book has been 
nMiamcMl “Textbook’’ Lekrbncli'') instead of “ Ekmients ” {''Leitfaden”) 
“of Wireh'ss d\‘l('grapliy.” 

In (‘hoosing my subjcMd. matter, I was guided chiefly by the standpoint 
of the pliysicist. I liav(^ fre(piently discussed arrangements or devices 
involving a lU'W i)hysi(*al idea, even though knowing that they had 
(Ml her not Ixmmi us(h1 to date or are no longer used in practice. To 
confiiu^ oiirs(‘lv(‘s t.o what is of practical importance will only be proper 
wlum once it has Ix'en fix(xl what really is of “practical importance.” 
On this i)()int, h()W('V(‘r, the vi(^ws of experts have changed very rapidly 
(luring rec(Mit y(‘ars; ev('n to-day individual views diverge widely and 
s(*em to be influ(Mic(Ml h'ss by S(Mentific reasons than by patent rights. 

UiupKsstionably, th(X)r(dh!al investigation, laboratory (experiments and 
(*xp(M’i(m(xvs in praedhx^ have clcarcxl much in recent years. Nevertheless, 
there still rcmiain a number of problems which find no answer in the re- 
sults obtained to date. If then niy presentation of the^se problems falls 
short of th(^ ncx^essary ch^arness, the fault does not rest entirely with me. 

In this edition, as in the first, I have received friendly cooperation 
from many sources: from Dr. L. W. Austin (Washington, D. C.), H. Boas 
(Berlin), Dr. L. Cohen (Brant Rock), F. Ducretet and E. Roger (Paris), 
Dr. Erskine-Murray (London), the Gesellschaft fiir drahtlose Telegraphic 
(Tekfimkcm Co., Berlin), Dr. E. Huth (Berlin), the C. Lorenz Co. 
(Berlin), the Marconi Wireless Telegraph Co. (London), Dr. E. Nesper 
(Berlin), Dr. E. H. Riegger and Dr. Rukop (Danzig), Dr. G. Seibt 
(Berlin), the Soci(5td frangaise de radio61ectrique (Paris), and Prof. C. 
Tissot (Brest). To all these I herewith express my thanks. 
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viii AUTHORS PREFACE TO THE SECOND EDITION 

Particular thanks are due Dr. A. Meissner (Berlin), Prof. Vollmer 
(Jena), and Prof. M. Wien (Jena). These have gone to the great trouble 
of reading through the entire proof, and by their valuable advice have 
guarded me against many errors and defects. 

Lastly, I thank the publisher, Dr. A. Enke (Stuttgart) for the kind 
interest he has evidenced in the preparation of the book in its final form. 

J. Zenneck. 

DaNZIG-LaNGPUHR, PHYSIKAIilSCHBS InSTITUT 
DEll TBCHNISCHKN HoCHSCHULB, 

Nov,, 1912 . 



l^ltANSLATOirS INTRODUCTORY NOTE 


sliulout^s of wireless tolegriii)liy need to bo introduced to ^^Zen- 
iu^(dc.” To iinuiy, however, tliis sidendid work luis ronniincd a ‘‘closed 
book’^ due to lack of kn()wledfi;e of the authorts language. Hence this 
translation — in tlu^ hope that it will iill a real need. 

Aside fi’oni the (^oni])reh('nsiv('n(^ss of the work as a text-book, the 
author, without failing to give full {n*(Mlit to the best that has been done 
in AuKM’ica, natundly i)ays most, attention to tlu^ work done in Europe, 
('sp(MuaIly in ({(Mmiany, and thus gives us an insight into the excellent 
rc'sults a(^<'omplislH'd abroad by inv('ntors and (mgineers in developing 
(.h(' art ba,S('d on Marconi’s fundauK'nl-al invemtion. 

liatluM- (ban tala' tln^ risk of distorting the author’s lU'cadso moaning, 
(he I ranslat-or has at tinu's n'taiiuMl a very litc'ral translation in preference 
(o adopting the (uistomary JOnglisli j)hras('ol()gy. Moreover, when 
l-(nnp(.(Ml to add sonud-hing to or modify the original (as for instance in 
eomuud.ion with i*(‘e(‘nt “high fr(^(pi(‘n(\y ” a])paratus), the translator 
finally de(dd('(l to h't Z(‘ime(dv be Ztmiu'ck. 

A word of thanks is du(^ to Dr. 1j. W. Austin for oe(\‘isional friendly 
assistaiKM', as w(dl as to the publish<n*s for their (*oo])('ration in the 
pn'paration of the book. 

A. E. Seelio. 

WioLusvirLE, N. y.f 
Auynait 1915. 
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SYMBOLS AND ABBREVIATIONS 


'■plio fulluwiiiK expliiiuitioius of symbols and abbreviations used in the text apply 
tliroushout unless distinctly stated otherwise: 
la — Electric field strength 
M — Magnetic field strength 
= Electromotive force = e.m.f. 
fjL = Permeability 
€ — Dielectric (Constant 
6(1 — Dielectric constant of air 

k == ^ , usiiallv referred to as the diekM^tric^ constant 
inf, — Microfarad 

e.g.s, — Units of the Jibsolute electromagnetic! (centimeter-gram-second) 
system 
= Radiation 
ir = iOnergy 

1 K|. = khiergy of the elect rical field 
\V,n = lOnergy of the magnet ic field 
y = Voltage 
l’^ = Ignition voltage 

I = (^irrent (freiiuently i is used in the illustrations) 
r = It(!sisianco 

Lt, —( \)efHcient of self-induction for stationary field 
(■H = (^•ii)acity 

li = Resistance 

‘ Ij =: OoolT. of self-induction for oscillations 
C = Oapa(!ity ) 

or = C'oelT. of mutual induction with (piasi stationary (!urrent 

or = (’oelT. of mutual indiuition with noiwiuasi stationary current 

Ha = Chip resistan(!(! 

7 ^ 2 ) = Radiation resistance 
K — (‘oeff. of coupling 

= I)(‘gi‘ee or percentage of (!oupling 
r - Period 

M == Ereipiency = number of complete i)eriods per second 

03 = 27r'P = ^ = number of periods in 2 x sec.onds = circuit frequency 

X == Wave length 
Vl ~ Velocjity of propagation 

f =: Discharge frequency « number of discharges per second 
d = (Logarithmic) decrement 
di =: Joulean decrement 
dh — Hysteresis decrement 
dj; =s Radiation decrement 
da = Gap decrement 
a Lineal decrement 
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SYMBOLS AND ABBREVIATIONS 


a 

P 

a, b 
e 

cc 

EMjS 

ETZ 

Jahrb. 

EL 

G.R. 


=s Form factor of an antenna 
= Sharpness of resonance 
= Constants of the spark or arc 
= Base of the natural (Naperian) logarithms 
= Proportional to; varies as 
= , Much less than 
= Much greater than 

= Zeimeck’s “Elektromagnetischc Schwingungen u. drahtlosc Tcle- 
graphie I * Stuttgart, 1 905 . 

= Elektrotechnische Zcitschrift 

= Jahrbuch fiir drahtlose Telegraphie. Leipzig. Joh. Amcr. Barth. 

= The Electrician. London. 

= Comptes rendus de TAcademie des Sciences. Paris. 
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CHAPTER P 

THE NATURAL OSCILLATIONS OF CONDENSER CIRCUITS 

1. Oscillations Produced by Charging the Condenser. — The simplest 
form of a condenser circuit is that shown in Fig, 1: a condenser, (7, and 
a (conductor, AFB, joining the metallic coatings of the condenser. 

a. Lot this circuit be broken at some point, F, and each side connected 
to one pole of an electric influence machine, an induction coil or an 
jilt-ei’iiating-cuiTcnt transformer (Fig. 2). If then the influence machine 
or indiK^iioii coil is put into operation, the condenser becomes charged, 
one of its coatings, say A, receiving a certain quantity of positive elec- 


C 



1 . 


C 



Fio. 2. 


t-ric.ity, the other, 5, an equal amount of negative electricity. The 
rcisultant electrical field and difference of potential are obtained not only 
l)etween the coatings A and 5, but also between the poles Fi and F 2 
of the gap in the circuit. If the condenser charge and thereby the tension 
b(^tween Fx and F^ are gradually increased, a “spark’^ finally passes be- 
tween Fi and F^ and the space F 1 F 2 , the “spark gap,” becomes conductive. 
The difference in potential between the coatings A and B produces 
an electric current in the direction of the arrow in Fig. 2, from the positive 
to the negatively charged coating. This holds good only at the start, 
however. For the current, assuming that the resistance of the conductors 
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APi and F 2 B is not extremely high, is an oscillating or alternating current 
of the kind represented by the curve in Fig. 3, a photographic reproduction 
made by the aid of Beaun^s Kathode Ray Tube,^ which is specially 
adapted for such purposes. The absciss£B of the curve are proportional 
to the time, the ordinates to the current values at any instant. 

This alternating current is in one respect distinctly different from the 
alternating currents in ordinary commercial use as produced by A,C. 
generators, viz;, it has a constantly decreasing amplitude. An alternating 
current of this kind is said to be ‘‘damped” to distinguish it from an 
“undamped” alternating current of constant amplitude. 

c. As every current produces a magnetic field whose strength, at 
least in the vicinity of the current-carrying conductor, is proportional to 
the current, it may be concluded that the magnetic field varies similarly 
to the current; it is a “damped alternating magnetic field.” 

f. 
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Pia. 3. 

During the period in which the cuiTont has the direction shown in 
Fig. 2, it must bring a positive charge from tho coating A to B, and 
when its direction is reversed, its action upon tho condenser coatings is 
also reveraed. Hence the condenser charge also oscillates luid the 
electric field between its coathign is also a damped idteruating field. 

d. The entire phenomenon, i.e., the alternating eurx’ent with its 
accompanying alternating eleotrio and magnetic fields is called an 
“electromagnetic oscillation.” 

Oscillations, which, as in this case, may be produced in a condonsor 
circuit without the influence of other oscillations, arc said to bo the 
“natural” or “free oscillations” of that circuit. 

e. With the arrangement of Fig. 2, the natural oscillations are caused 
by the spark. In general, however, the presence of a spark is not essential 
for the production of natural oscillations, which may also be obtained in 
a condensei- circuit having no spark gap [Art. 109]. 
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1. FREQUENCY 

2. Experimental Determination of the Frequency. — a. Even with 
condenser circuits, whose natural oscillations are too rapid to allow of 
photographic reproduction by the aid of a Braun tube (see Fig. 3) or an 
oscillograph, the ‘^frequency’’ of the oscillation, i.e., the number of 
complete cycles per second, can be directly determined by means of a 
rotating mirroi* — Feddersen's method — if the condenser circuit contains 
a spark gap. The gap, placed in a horizontal position and viewed in a 
mirror which rotates about a horizontal axis — fixed on the shaft of 
a small electric motor (Fig. 4) — appears during a discharge in the form 
shown in Fig. 5. At those moments during which the current passing- 
over the gap is a maximum, the most light is produced in its path, which 
is very dark when the current is at its minimum; so that the illumination 



Em. 4. 


of the path of the dist^hjirgo varies pcn-ioduailly with the current. Hence, 
in the rotating mirror, in which the successive images of the spark appear 
at different points, a row of altcu-nately light and dark stripes is obtained. 

The distance between two adjacent light stripes corresponds to the 
time of a half period of the oscillation. If the image in the rotating mirror 
is photographed and if, from the number of revolutions of the mirror and 
th(^ dimensions of the apparatus, the speed with which the image of the 
spark moves over the photographic plate is determined, then the time of 
one cycle and hence the frequency of the oscillations are easily obtained 
from the distance between two or more light stripes. 

This method is not only of great practical value, but is of special 
interest as having been used by W. Peddebsen® in the first experimental 
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demonstration and study of the natural 
^ oscillations of condenser circuits j which M 
, constitute the foundation of the science J y 

^ of modern radio-telegraphy. f ' 

^ 6. Gehrke’s incandescent osdllo- 

' graph tube offers another method for 
^ ' the direct determination of the fre- 

^ quency of condenser circuits.^ 

f It consists of a glass tube of the 

form shown in Fig. 6a, with wire or 
^ sheet metal electrodes (Fig. 6b) and 
1 filled with pure nitrogen under slight 

M pressure. If current is sent through 

^ this tube, the length of the incaiides- 

e cent portion of the negative electrode 

is approximately proportional to the 
^ strength of the current. If the tube is 
'i connected through a sufficiently high 

I series resistance (tube of water, i2, in I 

^ Fig. 7) to the condenser coatings, then \ / 

» the current passing through it, and 

♦ hence also the length of the incaiides- 
^ cence, are proportional at any instant 

to the voltage between the condenser 

* coatings. By photographing the image of the tube in 

a mirror whose axis is parallel to the axis of the tube 

(Fig. S)**', a picture of the 

form shown in Fig. 9 (H. f F 

Dibssblhorst)^ is ob- f^'j 
tained. The distance be- 
tween the light stripes is 
a measure of the duration 

of a cycle (see a). 1 J 

As this tube absorbs f 

considerable energy and as I ' 

the length of the negative 

imiandescencc is not al- 0 0 0 00 

ways exactly proportional 

to the amount of current Fio. 7, 

passing through it, it is 

adapted for demonstration purposes rather than for accurate measurements. 

* Fig. S shows oscillograph made by the firm PL Boas: the tube is in a box at the 
upper right and below this is the holder for the photographic plate upon which the 
concave mirror, mounted on the shaft of the motor, reflects the image of the tube. 


Fi<3. 7, 
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c. Moroconvcuiont but indirect methods for determining tliofrcquency 
will be discussed later [Art. 71, 81]. 



VlG. S. 

3. Calculation of Frequency (Thomson's Equation). — a. The follow- 
ing formula for the natural frequency ^ Nj of (jondonscr circuits has been 
(Uuluced by Loud Kklvin (Hiii 
William Thomson"’*^): 


Stt 

CO = 2tN = . 


[Tables 1]='= 




iiitiiJ, j 




in which L is tlu^ coefficient of self- 
induction of the cinuiit and C its 
capacity, whih^ co is the num])er of 

osc^illations in 2t seconds. Himi- Fio. 9. 

larly tlu^ period^ 1\ of the os(ullation is given by 

T'= ^ = 27rVJ7C 

* This hohls ofily if the damping is not extremely groat (t.c., d < 2tc) and, 

|.h(n'(^f()re, Hi)pli(\s to all i)ractieal cases. The exact formula is: 


= * 

2rVLc; 


isi 


where d — the decrement [Art. S]. 

t The wave length [Art. 1 0] is given by: 

\ = 2irVj^-\/LC- Gtt . 10^“ cm. 

= 67r\/l6 • ^ mf uietors 

* 27r 

= 59 . 0 lVic.o.S. • ^liF = i'nn ■ ^cm. (TaWe II) 
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It follows that for a condenser circuit of a given frequency, the product 
of its capacity and self-induction is a fixed quantity, 

6. If the frequency is to be obtained in cycles per second, L and C 
must be expressed in units of the same absolute system. In the following, 
unless otherwise stated, the customary absolute magnetic system, known 
as the C.G,S, system (centimeter, gram, second-system) is used. 

The unit of capacity customaiy in practice, the microfarad (MF), is 
the C,G,S, unit.* A Leyden jar of average size usually has a 
capacity of several thousandths of a MF, 

The henry, which is the customary unii^ for the coefident of self- 
induction is equal to 10® C.G.S. units. In wireless telegraphy, however, 
it is more convenient to express the coefiicient of self-induction in CiG.S. 
units, instead of in henrys, as the circuits used for radio-telegraphy 
usually have coefficients of self-induction of much less than 1 henry. 

4. Condensers in Series and in Rarallel. — The term “resultant 
capacity’’ of a number of condensers in W5hat follov9^ will be understood 



ToInd.C<nl 


Fig. 10. Fio. n. 

as that value of the capacity, which, when substituted for C in Thomson’s 
equation, gives the correct value of the frequency. 

а. Where largo capacities arc required, aoviiral concUmsers must 
usually be joined in “parallel” (Fig. 10). 

If Cl and Ca represent the respective capacities of the two condonsei-s 
in Fig. 10, then the resultant capacity of the condensers in parallel = the 
sum of their individual capacities, i.e., 

C = Cl + Ca 

If M number of condensers, each having a capacity Ci, are connected in 
parallel the resultant capacity C = ilf Ci. 

б. Sometimes it may be necessaiy to connect a number of condensom 

* Frequent use is also made in practice of the absolute electric system unit of 
capacity, the cm. Where formulas involving the cm. arc given in this book, this is 
done, however, only in consideration of ourrent practice. 
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tions of Figs. 12, 13 and 2, assuming all the individual condensers to he 
of equal size, are exactly alike. The difference, this being one of the 
advantages of the combined series and parallel connections as companHl 
to the single condenser’, lies in the distribution of the chatge among the 
individual condensers. In Fig. 2 the potential across the condenser i.s 
the same as that between the electrodes of the spark gap, while tlnr 
potential across each condenser in Fig. 12 is only one-half the total gap 
potential and in Fig. 13 only one-third of the gap potential. 

6. The Practical Importance of Thomson’s Equation. — Thomson’s 
equation offers a very simple means for rough calculations in determining 
an approximate value of the frequency or, on the other hand, the valiu* 
of the capacity required for a given frequency. Usually, however, it 
is not possible to determine these values with the accuracy required in 
practice. Not that the Thomson formula is inaccurate, but in con- 
denser circuits having no spark gap, for which alone the Thomson rela- 
tion holds good, the value of the capacity and coefficient of self-induc- 
tion are mostly not known exactly; in condenser circuits with a spark 
gap, the spark affects the frequency. 

a. The values of C and L substituted in Thomson’s equation must, of 
course, be those which correspond to that frequency which is to lx*, 
determined. 

For air condensers the capacity C, under the conditions prevalent 
in wireless telegraph work, is practically the same as the capacity 
of the same condenser holding a static charge, and can therefore bo easily 
measured with sufficient accuracy. 

For condensers, however, having a solid or liquid dielectric, the 
capacity may vary widely with the frequency. Tho ratio betwe(m 
capacity C of a condenser in an oscillating circuit to its capacity ( ^ 
for a static charge is termed the “frequency factor.” When micta or 
micanite is used as the dielectric this factor may be as low as 0.7-().S, 
and for certain kinds of glass it may differ considerably from 1.0, while for 
other varieties, as for example certain flint glasses, and particularly for 
certain oils, such as petroleum or well-dried paraffin oil, the fr(«iuency 
factor is practically unity.® 

b. That care must be taken in choosing the pi’oper value of L, tlm 
coefficient of self-induction, for use in Thomson’s equation follows from 
the fact that the value of L may be quite different for the same coil with 
an alternating than with a direct current [Art. 36]. 

further complication arises from the fact that L is the coefficient of 
self-induction of the entire circuit. For example in the case of Fig. 10 
this comprises not only the main conductor AFB, but also tho con- 
denser coatings and their leads (ACi, BCi, ACz, BCi). However, if the 
circuit contains a coil of several turns this need not be considered, as tho 
rest of the circuit adds very little to the relatively large coefficient of 
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self-induction of the coil and may be neglected without materially im- 
pairing the accuracy. But in some cases it is desirable to keep the self- 
induction of the circuit AFB (Fig. 10) as low as possible and it may 
happen, especially when using a larger number of condensers with 
their connections, that the resultant coefficient of self-induction is much 
greater than the value calculated , from the general dimensions of the 
circuit AFB, 

c. The frequency of condenser circuits containing a spark gap may 
vary as much as 10 per cent, from that indicated by Thomson’s equation 
(M. Wien, H. Hiegger^). However, this variation is great only if the 
electrodes of the spark gap arc made of copper or silver and if the gap 
itself is at the same time very short (say ^ 2 mm.)’* ** the variation be- 
comes greater in proportion to the shortness of the gap and the small- 
ness of the condemser, other things being equal. 

If tin, zinc, cadmium and especially magnesium are used for the 
electrodes and if the gap length is greater than 4 or 5 mm., the frequency 
can be dc^termined from Thomson’s equation within a fraction of 1 per 
cent, for (londonser cinuiits including a spark gap, assuming of course 
that the values of L and C are accurately known.® 


2. THE DAMPING 

6. The Transfer of Energy. — a. As long as the current, /, has the 
direction of the arrow in Fig. 2, positive electricity is flowing away from 
th(^ (^omhniser coating A, so that the positive charge, + e, of this coating 
is dec^n^asing. Wlnm tli(i (uirn^nt is reversc^d this charge is increasing. 

"I'lie same applic^s to tlie potential diffiM'ence, F, between the con- 
d(Mis(M’ coatings, as this and the charge hold the well-known relation: 

c = CV 

If curves l)o plotted showing the variation of V and I respectively 
as ordinates with the time as abscissa), the results will be as in Fig. 
14. Voltage and current have a phase displacement of practically 90° 

b. ''rhe energy Woj in the electric field of a condenser of capacity C, 
charged to a potential F, is known to be 

Wa=lcV^ 

Similarly the energy Wm in the magnetic field of a circuit whose coefficient 
of self-induction is L is known to be 

* Translators' Note: Just these conditions prevail in the modern quenched 

spark gap. — A. E. S. 
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where 1 is the eumnt flowing in the circuit. And the total energy of the 
field of the condenser circuit at any moment is equal to the sum of the 
energies of the electric and the magnetic fields, i.e., 

F = F. + 

c. Fig. 15 shows Wt (broken .line), Wm (thin full line) and W, the sum 
of the other two (heavy full line). The current curve, 7, from Fig. 14 
has also been drawn in again for direct comparison. 



At the start when the cuiTeut is zero, we have 

W = Wo 

i.e., the total energy of the circuit consists of the olcctrio energy of the 
charged condenser. 

One-quai-ter of a period later the voltage is zero (Fig. 14) and the 
current is just at its maximum. We then have 

W^Wn, 

or the total energy of the condenser circuit is equal to that of its magnetic 
field. 
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After another quarter period the current is zero again and 
W = Wej and so on. 

In short, the oscillations are really interchanges of the energy between 
the electric field of the condenser and the electromagnetic field produced 
by the current. 

7. The Various Causes of Damping. — a. If no energy were consumed 
by this transfer, the total energy W and also the current and voltage 
amplitudes, in view of the relations explained in Art. 66, would remain 
constant. Any consumption of energy, however, means a reduction in 



the total energy, v.r., a decreasing amplitude, resulting in a “damping^' 
of tlu^ oscillations. The question of the various causes of damping is 
therefore identical with the question of the various energy losses. 

/>. The energy lost in the oscillations of condenser circuits can be 
divid(Kl as follows: that lost in 

1. Heat developed in the metallic circuit, 

2. Th(^ spark gap. 

Ik The insulation of the condensers.* 

4. “ Brush ” leakage of the condensers. 

5. Eddy currents inducted by the alternating magnetic field of the 
(uirrent.t 

8. Condenser Circuit without Spark Gap Damping Due to Heat 
Loss. — a. The heat developed by a direct current J in a conductor of 
resistance r during the time t is 

rlH 

* And possibly also in the insulation of the coils [Art. 37c]. 

t The energy lost by radiation is extremely small [Art. 25e], 
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while for an alternating current during the time of pne cycle T th(^ hc^at 
developed is 

RIKffT 

where R is the ^‘effective” resistance and mean value of 

leff being the “effective” current. For undamped oscillations, the wave 
form being sinusoidal, 

(where Imax is the maximum amplitude of the current for that cy(^l{0 
which relation, however, is also practically true of the damped oscillations 
to be considered in wireless telegraphy. Under these conditions thcu’c^- 
fore the heat developed per cycle is 

K RPmaxT 


From Art. 66 and 6c it follows that the total energy transferred in one 
cycle (two alternations) is 

2 X 2-^-^^waa! = LPmax 


Hence the energy lost in heat is proportional to the total energy of tlu^ 
oscillations of a condenser circuit. 

6. If the energy lost in heat is the only loss, then it can bo domonstratcMl 
that the curve showing the decrease in the amplitude with time^ — 
“amplitude curve” — is an exponential curve. Its characteristic proi:)crty 
is the fact that the ratio of the amplitude, Ai, at the beginning of a cych^ 
to that, A 2 , at the end of the same cycle remains constant during the Ontario 
oscillation, i.c.. 


j- = const. 


(I) 


The greater this ratio is, the greater is the percontago doerotlH(^ in 
anaplitude per cycle. Hence the value of this ratio is a motisure of 
the damping. Instead of the ratio itself, however, it is custoiuary to use 
the natural logarithm of its value; 

d = log nat. ^ (2) 


d is called the “logarithmic decrement” or simply “decrement” and 
where the heat loss is the only cause of damping, as in the prt«(eding, it i» 
distinguished as the “Joulean decrement,” d/. 

c. The value of the amplitude A at any time, t, is given by 

A A .. -■W'*-* 

A = Aoe ^ = Aoe 


( 3 ) 
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in which N is the frequency, e is the base of the natural logarithms and 
Ao is the “initial amplitude’’ when i = 0.* 

Fig. 16 shows the decrease in amplitude per cycle for different deorc- 
nionts, while in Table IV the oscillation curves have been drawn out for 
various decrements. 

d. It follows from a that the Joulean decrement can be determined 
from the ratio of the energy lost in one cycle to that transferred in the 
same cycle. Hence, substituting /o for Imax) we have 


_ y^Rh^T _ R^rr_ R 
~ W ' “ 21/ ^ ~ 


( 4 ) 



(ir rcpliiciufj; T by 2iry/lA! (Ar(.. 8«) we have 





or from tlui fool-nole in Art. '^a 


<lj = 27r“Ki 


HC t 


9. Condenser Circuit with Spark Gap. Damping due to Spark. — 
a. 'The (mrvoH A i and A% of Fig. 17 arc the amplitude curves of condenser 
cinmits containing a spark gap (J. Zbnneck’") obtained with the Braun 
Tube, A I being for a (urcuit of very low, As for. one with higher ohmic 
resistance. (Comparison with Fig. 16 shows a marked difference from 
the cases in whic-h the damping is due to heat loss only. The amplitude 


* In Fig. 14, Fi) in the upper, in the lower eurve. 

t ili = (M)0r« . = 6920 or = approximately. 

Awrtcra J.OU . Ametera 
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curve is now no longer an exponential curve but approaches a straight 
line more and more as the energy absorbed by the spark exceeds the 
energy lost as heat.‘“ This condition is obtained when the spark-gap 
electrodes are of copper, brass, aluminium or silver, while with magneaum 
electrodes the amplitude curve tends toward the exponential form 
(D. Roschansky®). 

If the amplitude curve is a straight line the amplitude A at any time t 
can be obtained from 

A = ) 

in which Ao is the initial amplitude and a is the “lineal decrement" which 
determines the decreixse in amplitude just as d, the logarithmic decrement, 
does for the exponential curves. 



Tima — ^ 

Fia. 17. 


h. If the amplitude difiers from the exponential form, this is evidence 
of the fact that the conditions for the absorption of energy in the spark 
are not the same as for absorption due to ohmic resistance, but are 
similai* to those in an electric arc (A. Hbydweillbr^®). For this con- 
dition the energy Ag, absorbed per second in terms of the cui’rent is 

Ag — 0,1 -|- h ( 1 ) 

(a and b are constants for the particular spai’k gap [Table V]) which for 
larger currents becomes 

Ag = al . (2) 

But since 

Ag = IVg 

Vg being the tension across the gap, it follows from (2) that the gap 
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voltage remains practically constant during the entire series of os- 
cillations,* i.e., 

Vo = a (3) 


c. The result is that the ratio of initial to final amplitude of the 
Ai 

same cycle or period, and hence also [Art. 86] the decrement, do not 
1x2 


remain constant for all cycles, f The increase of the decrement is shown 
by the curves Bi and B 2 (Fig. 17) for the successive cycles as the ampli- 
tudes A i and A 2 die out. In short no one definite characteristic decre- 
ment exists for the entire series of oscillations. 

Nor can a definite resistance be ascribed to the spark gap for those 
cases in which the energy loss is not proportional to P, If then in 
practice, an equivalent gap resistance or simply a “gap resistance’’ Rg 
is referred to, this is intended to mean that resistance which, if sub- 
stituted for the gap, would absorb the same amount of energy as is 
acitually absorlx^l by the spark gap during the entire oscillation series 
following tile same amplitude curve. J 

If th(^ condition Vg — a applies, and we have a straight-line amplitude 
curve, then 

6tt 

Rg = r (A) being the initial amplitude). 


For ilu^ other extreme, when the energy loss in the circuit due to resist- 
ance is by fai- the greater and the curve is exponential we have (H. 
Haukiiauskn*-) 


A constant gap resist-ance Rg would have [Art. Sd] a corresponding 
“gap decrement” 


dg 



( 4 ) 


so that the total decrement foi* ti condenser circuit with spark gap would 
be 

(i ~ d'j — {— dg 

As this value of tlie decrement is constant for the entire series of oscilla- 

* 'riiis, however, does not liold during a single half period, but is approximately 
(rorriud. if Ixi considered as the average value of the gap voltage for a half period. 
hlv(ui i.his average value does not remain absolutely constant for the entire train or 
series of osc^illations, but gradiually increases from cycle to cycle for copper and silver 
(‘leetrodes and gradually dc^creases with magnesium electrodes (D. Robchansky*). 

t For the extreme case, in which the energy lost in the gap is the determining factor 
and the amplitude curve is a straight line, we have the difference of Ai and A 2, instead 
of their ratio, constant. 

Rgl\ff [Art. 44] is the average energy actually absorbed by the spark gap 
during 1 seoondd® ’ 
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tions, it does not properly characterize the decrease in amplitude from 
cycle to cycle, but is the average value of the gradually increasing dec- 
rement, its use in practice being very convenient for the qualitative con- 
sideration of condenser circuits having a spark gap and corresponding 
approximately to the single and definite decrement which is a precise 
and suj0B.cient characterization of the time-decrease of the amplitude 
for condenser circuits having no gap. 

d. Aside from the change in form of the amplitude curve caused by 
the spark, it has been observed that in a condenser circuit with gap 
the oscillations may abruptly cease as soon as the amplitude has fallen 
to a more or less small fraction of the initial amplitude. 

10. Methods for Determining the Spark Gap Damping. — Two 

methods have in general been used for 
measuring the gap damping and resistance. 

a. The first of these, the so-called resoji- 
ance method^ is based on a procedure for 
determining the total dccx’eirient, which will 
be considered in detail later [Art. 74, etc^.]. 
The total decrement is first measured witli 
and then without the spark gap [Art. 78c] ; 
the difference of the two values obtained 
is then the gap decrement do, from whicli 
the gap resistanee, Rg [see equation (4) Art, 
9] can also be determined. 

b. The second is the substitution 
method. In Fig. 18, F is the spark gap 

whose resistance is to be measured, A is a hot-wire ammeter and R is 
a very high ohmic resistance (or self-inductancc) through which tlu^ 
condenser, (7, can be charged in spite of the gap, but sufficiently higli 
so as not to appreciably affect the oscillations passing through F, First 
the indication of A is noted with F in circuit. Then a variable non- 
inductive resistance is substituted for F and is adjusted until A has th(^ 
same indication as before. The spark-gap resistances is then the same as 
the substituted resistance, if the coefficient of self-induction of the 
condenser circuit, the discharge frequency and the spark gap Fx have 
been held constant in both cases [see Art. lie, 2], 

11. The Factors which Determine the Amount of Gap Damping. — 
a. Relation to the Current Amplitude. 

The gap resistance, other things being equal, and particularly for the 
same gap length, varies inversely with the current amplitude. Within 
the limits encountered in wireless telegraph practice the relation 

R„ “ h 

between gap resistance and current amplitude is approximately accurate. 


To Induction Coil 
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Assuming that the circuit contains only a single spark gap of constant 
length, the voltage amplitude must remain constant. If then the 
current amplitude is varied by changing the coefficient of self-induction 
of the circuit, then it follows from (1) that 


If, on the other hand, the self-induction is kept constant and the current 
varied by changing the capacity, we have 


22 .' 


1 [ 10 ] 


Thus an increase in the self-induction of the circuit as in the first case 
causes an increase in the gap resistance, while an increase in the capacity 
reducers the gap resistance. 

It follows that within the limits for which the relation (1) holds, the 
spark-gap decrement is practically independent of the 
(^ai)a(dty and self-induction of the circuit, being de- 
termined only by the gap itself. 

h. The gap resistance and decrement are however 
not independent of the resistance of the circuit, both 
ine.n^asing for an increase of the circuit resistance. 

c. Th(^ effect of the gap itself upon the gap rosis- 
taiKu^ (k'.peiuls upon: 

1. The material of the electrodes. 

2. Tli(^ form of the gap, and if the electrodes are 
spluM’c's, upon tlu^ radius of these. 

Ik Th(^ gas or medium through which the spark passes, and 

*1. Th(\ length of the spark. 

As to th(^ ma(.(a*ial of which the electrodes are made, it has been 
found that (!opp(’r and silver cause a very high, magnesium, tin and zinc, 
a V(‘ry low resistance, whiles aluminium stands between these groups. 

Th(^ radius of sph(‘ri(^{d (dcu^trodes, particularly for long sparks, 
gn^at-ly affcM'Is ilict gap de(u-ement; the latter is much smaller with balls 
of larger radius than for small spheres, the gap length being the same 
througliout. For disc-shaped ekMitrodes the decrement is practically 
tlu^ sauK^ as for sph(M*(^s of very large radius. 

If tlie gap nuulium is hydrogen, a very high decrement is obtained, it 
Ixnng l(^ss with illuminating gas, carbon dioxide, air, oxygen and par- 
tiiudarly low for sulphur dioxide. 

For the sanu^ ele( 5 trod(iS, i.e., of a given material and radius and for 
a given gas in the gap, tlui decrement becomes larger as the discharge 
voltage becomes smaller for a gap of constant length; or, again, with 
constant voltage the gap decromeut becomes smaller as the gap is 

shortened. 

z 
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d. For the relation between the gap decrenaent and the gap length 
the substitution method [Art. lOh] gives curves similai* to B* in Fig. 
19, if the length F in Fig. 18 is varied without changing the rest of the 
circuit; the increase in gap resistance with increasing length is at first 
very gradual, then quite rapid. If the gap decrement is determined 
directly by the resonance method [Art. 10a] for diffei’cnt gap lengths, a 
curve of the form of A* in Fig. 19 is obtained. Here we have the gap 
decrement first rapidly and then more slowly, falling off as the gap length 
is increased. The curve determined by M. with spherical zinc 

electrodes is shown in Fig. 20. f 

This following explanation accounts for this difference in the I’esulte 



obta,ined. In the resonance method giving curve A, the gap under in- 
vestigation is the only gap in the circuit and its length determines the 
voltage and cuiTent amplitudes. Hence as the gap length is varied the 
current is correspondingly changed arid the gap resistance is determined 
for a different cumnt amplitude with each observation. An inoroaso in 
e gap length alone would cause an increase in gap resistance, but an 

* AbscisstB oc pp length, ordinates gap resistanoo. 
t The values given are for the following condenser circuits: 


Circles O 
Grosses X 
Dots 

Circles with, dots 
Squares □ 


Radius of Electrodes 
220 mm. 

50 mm. 

50 mm. 

O 50 mm. 

50 mm. 


C 

4.25 X lO-Wi?*. 
4.25 X 10- W 
0.3 XIO-W. 
5.8 X 10- W. 
5.8 X lO-OT, 


L 

40,900 Units 

40,900 C'.ft/Sf. Units 
40,500 CrrM. Units 
40,500 Units 

7,300 cm. Units 
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mcroascd gap length also means imu'eased current amplitude, which latter 

decreases the gap rcvsistanee. We therefore have two faeto,^ ’with opposSe 

tendenems ; with short gaps the action of the current amplitude is the more 
effective of the two, hut as the gap becomes longer it is partly compen- 
sated by the effect of the greatly increased gap length 
_ In the substitution metliod (Fig. 18), current and voltage are deter- 
mined by the length of tlio gapF:, ami therefore practically independent 
of tho. gap F wh(.s(, resistance is to be measured. Hence as the le^th 
of F is varied tln^ (mrrent amplitude nmiains practically constant. 

In addition there is an essential difference in the nature of the two 
methods In the substitution method we find that resistance which 

lAr?" « 1 the same current effect 

[Alt. 43a]. Iho resonance method gives that value of the resistance 



which, when replacing the spark gap produces the same degree or rather 
sharpness of resonance in a loosely coupled sccoiidaiy circuit [Art. 64c ] 
These two are not necessarily identical. 

e. From a and b tho following conclusions in regard to the substitution 
method may be drawn: 

1. The gap resistaiice of F (Fig. 18) is dependent not only upon its 
dimensions, the capacity and the self-induction of the circuit, but also 
upon the length of the gap F i (Fig. 18) upon which the current ampli- 
tude depends. How great this effect is may be seen from Fig. 21, in 
which the gap resistance of F is shown for several different lengths of 
Amy statement of the resistance of F without an accompanying statement 
of the dimensions of F i is therefore just as useless as stating that the 
resistance of a metallic filament incandescent lamp is so and so without 
mentioning the voltage or current at which the measurement was made. 
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2. Results obtained by the substitution method must not be con- 
sidered as conclusive in case there is only a single spark gap in the con- 
denser circuit. For when Fi, having a larger resistance, is in the circuit, 
this has a considerable effect on the resistance of F, Furthermore the form 
of the amplitude curve and the conditions in the gap Fi must be some- 
what influenced by placing an ohmic resistance as a substitute for the 
gap F, so that it does not follow from the fact that the current effect 
is the same in both cases, that the energy absorbed at F is also the 
same.^^ 

12. Spark Gaps in Series (Multiple Gaps). — If a number of spark 
gaps are connected in series in the same condenser circuit the interesting 
question arises: Is the decrement for the several gaps in series greater 
or less than that obtained for a single spark gap with the same initial 
voltage? Investigations^® intended to answer this question have shown 
that up to potentials of about 80,000 volts and down to capacities as 
low as 0.6 X 10”® M.F, the series gap has a higher decrement than the 
simple gap. 

13. Energy Losses in the Dielectric of the Condensers.^^^ — The 
alternating field produced in the insulating material (dielectric) between 
the coatings of the condensers by the oscillations, involves an energy 
loss for practically all insulators. It is due to the so-called 'dielectric 
hysteresis” which is the electrical analogue of magnetic hysteresis. 

a. Such investigations as have been made so far with various materials 
indicate that, indopendontly of the frequency of the oscillations, the 
energy absorbed per cycle in the condenser is proportional to the total 
energy in the condenser during that period. Hence the “hysteresis 
decrement,” ix.y that poi’tion of the total decrement dxio to the di- 
electric hysteresis losses, is ind(^pendent of the frequency of the oscilla- 
tions or the dimensions and capacity of the condenser, and is deter- 
mined solely by the dielectric material, that is by: 

1. Its chemical composition, 

2. Its temperature. 

As to the kind of material, it has been found that the hysteresis 
decrement is not appreciable for air, very small for well dried paraffin 
oil and transformer oil {dh = 0.001 — 0.002), also for good flint glass* 
(4 = 0.006 — 0.01) and somewhat greater for certain grades of hard 
rubber. It may run very high for certain kinds of glass, c.f/., ordinary 
window glass, other grades of hard rubber, mica and the otherwise very 
convenient insulating material, micanito. 

Increasing the temperature causes an increase in th(i hysteresis 
decrement, at times in fact a very considc^rable increase. 

* Can be obtained from Molinoaux, Webb & Co., of Manchester (Ancoatn, Kirby 
Htr.) and the glassworks at Ehrenfcld near Cologne. 
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b. With certain materials the hysteresis decrement depends upon 
the energij load, Wo, the relation being of the form 

4 = a + SW.* 

for some materials, and for othera 

dk - aW/ 

where a and $ are constants for the particular material. In some 
cases this effect of the energy load is only an indirect one; due to the 
increased amplitude of the oscillations and the consequent increase in 
the energy absorbed, a higher temperature is produced, which in turn in- 
creases the hysteresis decrement. 

14, Energy Lost by Leakage Discharge. — a. For our purposes it is 
necessary to distinguish between leakage of two kinds. The first of 



Fig. 22. 

these^® occurs whether the conductor is charged by oscillations or has a 
static charge. It consists of the well-known phenomenon of fine brush 
discharges emanating from conductors charged to a very high potential, 
particularly from edges or points. This is due to the fact that under the 
influence of the strong electric field the air becomes a conductor (ionized) 
and hence a part of the charge is led off. This phenomenon is observed 
very frequently on influence machines and occasionally in the air con- 
densers used in wireless telegraphy, wherever the plates have uneven 
surfaces or along their edges; especially also on antennae or coils charged 
to a high potential. 

* The “energy load,” TFe, is the maximum energy contained per cc. of the 
dielectric material. It is 

9 >n6^-« ^ (^) “ 

where k = ratio of the dielectric constant of the material to that bf air and E =* 
strength of the electric field. 
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The second land of leakage discharge occurs only with oscillations; 
it appears at the moment when the oscillation commences, continuing 
even if the conducting elements in question do not have their potential 
increased during the remainder of the oscillation. A leakage discharge 
of this nature is observed in Leyden jars (see photographic reproduction 
in Fig. 22) or other cdiadensers having a solid dielectric. It is char- 
acterized by long, fine, branching rays which spread out over the surface 
of the dielectric from the edge of the condenser coatings. 

b. The essential requirement for a noticeable leakage discharge in 
both cases is a suflB.cient ionization of the air, which in turn means a 
sufficiently strong electric field. If sharp edges and points, at which 
the field strength assumes especially great intensities, are avoided as 
much as possible, these discharges need not be feared, as long as the 
potential is kept within a few hundred volts. 

c. When, however, a discharge as just described, occurs, it means 
an actual loss of energy in any case. How great this loss may become is 
not known. But what has been definitely determinod is that if Leyden 
jars are properly constructed the increase in the decrement duo to this 
energy loss can be kept below 0.002 for a voltage ainplitiuUj of 30,000 
volts, and below 0.007 for 40,000 volts [Art. 8G]. 

In addition it has been found that a discharge of the second kind has a 
tendency to produce a fluctuation in the frequency [Art. 70]. 

16. Energy Lost by Eddy Currents. — The alternating inagnotic field 
produced by the oscillations in a condenser circuit induces so-(;alled 
“eddy ctirrents’’ in all conductors through which the lines of magnetic! 
flux pass. The energy which these currents dissipate in the form of heat, 
other things being equal, is much greater for the high frc^cpiencies xiscmI 
in wireless telegraphy than for the lower froquoncicis eustonuiry in com- 
mercial power and lighting circuits. Being a dircict loss to the total 
energy of the condenser circuit, it causes a correspondiiig iiie.rease in tlu^ 
damping. 

All conductors in the iminodiatc vicinity of the c.oudenscu* c-ircuit, 
particularly those conductors (such as terminals) which an', inside of 
coils where the magnetic field is coucontrated, are subjeuit to eddy 
currents. Very dangerous in this respect arc the coatings of eoiidciisers 
which, in view of their extensive surface and thinness, may (jauso con- 
siderable eddy current losses. Leyden jars arc vtuy troubk^Home on this 
account; with plate condensers it is much easier to place the (ioatings in 
such a position as to minimize the magnetic flux cut by them. 

Care should be taken in using such artificjial insulating materials as 
are frequently substituted for hard rubber or marble, if placed in a strong 
high frequency magnetic field. The conductivity of such substances may 
be great enough to cause considerable energy lossos.^*^ 

Very thick masses of metal are less dangerous. 
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16. Relative Importance of the Various Energy Losses. — a. C 

denser Circuits with Spark Gap . — The important question here is: Wh 
energy losses come into consideration as compared to the energy dii 
pated in the spark? 

If the conductors of the circuit are copper wires or tubes of suifich 
diameter, it is safe to conclude that the Joulean (heat) decrement will 
entirely negligible as compared to the spark gap decrement. 

Eddy current losses may become very considerable if provoked 
clumsy connections or arrangements, particularly with the condense 
With proper care, however, these losses may also be so reduced as to ha 
no material effect on the total decrement. 

In view of the high potentials for which condenser circuits with spa 
gaps arc usually designed, a dielectric of high insulating quality 
essential. If, then, compressed air condensers [Art. 396] or condense 
filled with a good oil are used, the hysteresis decrement becomes negligit 
as compared to the gap decrement. The hysteresis losses in good fli. 
glass are also much smaller than in the spark gap. As soon as oth 
dielectrics are tried, however, losses comparable to or even greater thr 
those occurring in the spark gap must be anticipated, especially if tl 
condensers are to bo highly chai'ged. 

The energy lost by leakage discharge in condensers can, by carefi 
design, be reduced to a quantity negligible in comparison to the ga 
losses. In any case this loss is, in general, far less important than thi 
caused by the fre(iuency fluctuations [Art. 86]. 

6. Condenser circuits without a spark gap are usually designed fc 
comparatively low voltages. For that (;ase, loss(\s due to leakage dii 
charges usually disappear. Furthcu’inore, as air (jondensers — even ^ 
atmospheric pressure — can generally b(^ used, losses due to diclectri 
hysteresis can 1)0 entirely avoided. If, Imwevcr, such potentials as ma 
be encountered do produce leakage discdiargcs, the losses may be fa 
greater than those due to Joulean heat. 

The latter may ho greatly reduced by the use of sufficiently thick an 
massive copper wires or, better yet, copper bands or strips, and especial!; 
by properly wound braided wire consisting of individually insulate' 
conductors [Art. 36d]. This, however, tends to increase the eddy curren 
losses, and if these losses arc not minimized by the greatest care, it i 
not possible to bring the decrement below 0.01. In fact, decrements o 
about 0.003 are the very lowest attained in practice. 
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OPEN OSCILLATORS 

In a condenser circuit, the condenser itself offers the only break in the 
continuity of the circuit. It is therefore usually referred to as a “closed 
oscillator” or “closed oscillating circuit,” as distinct from systems in 
which the metallic conductor is not even approximately continuous and 
which are therefore “open oscillators.” 

1. THE LINEAL OSCILLATOR 

17. The Fundamental and Upper Harmonic Oscillations. — The 
simplest form of open oscillator is the straight lineal oscillator, i.c., a 
straight metal wire or rod. If its two halves are given a positive and 
a negative -charge respectively until a sufficiently high potential is 
reached, so that a spark' discharge passes between the two halves (at 



F, Fig. 23), an electromagnetic oscillation takes place here just as in a 
condenser circuit.* 

In general this oscillation is not a simple one, but is made up of a 
number of component oscillations of different frequencies, different 
current and voltage distributions and different electric and magnetic 
fields. It will therefore be necessary to consider separately the so-called 
fundamental oscillation” — ^that having the lowest frequency, as in 
acoustics— and its “upper harmonics” or “upper partial oscillations.” 
This subdivision in the treatment is further justified by the fact that 
each of these oscillations can be produced independently of the others. 

18. Current and PotentM Distribution in the Fundamental Oscilla- 
tion. a. In a condenser circuit, as used in practice, itho quantity of 

- Mtural oscillation can be induced in open oscillators as well as in c.ondenser 

circuits without the existence of a spark gap in the oscillator [Art 100] 
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electricity passing through a cross-section of the circuit in a certain 
length of time, just as in ordinary direct-current circuits, is practically 
the same at all points,* the currentt has the same phase and ampli- 
tude throughout the entire circuit. We can therefore speak of a definite 
phase and amplitude of the current just as for the alternating currents 
used in power and lighting circuits. 

In a lineal oscillator the current f may also be considered as having 
the same phase at all parts of th(^ oscillator. But the current amplitude 
is entirely different at different parts of the oscillator. If a curve be plotted 



Fig. 24. 


giving the current amplitude at each point of the oscillator as ordinates, 
this ‘‘curve of current distribution is found to l)c an approximate 
sin(^ curve (dotted line in Fig. 23). The current amplitude is greatest 
at the middle and zero at the ends of the oscillator. In other words, 
there are “current nodes” at each end and a “current anti-node” at the 
middle. 

h. Correspondingly, if we plot the electric charge or rather the 
I)otential values along the length of the oscillator, we obtain the 



Fig. 25. 


“curve of potential distribution” as shown in Fig. 23 by the full line 
(sinusoidal) V. It should be noted that “potential” or “voltage anti- 
nodes ” occur at each end of the oscillator, the “ potential node ” being 
at the middle. 

. * Hence called a ^^qmsi--staiionary current.*’ Compare footnote in Art. 24c. 

I The current = quantity of electricity passing through a cross-section of the 
circuit in 1 second. 

X This should not be confused with the current curve of Art. 16, which gives 
the variation with time. 
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c. Just as in a condensex’ circuit, and for the same reasons, the current 
and voltage in an open oscillator have a 90° phase displacement. The 
distribution curves of the current and the voltage are shown in Figs. 24 
and 25 respectively for successive eighths of a cycle, curves bearing the 
same number in the two figures being for the same instant. 

19, Frequency of the Fundamental Oscillation. — The simplest way 
to arrive at the fundamental frequency is by the following consideration: 

a. The current and potential distribution curves of Fig. 23 are of the 
same type as the so-called ‘^stationary waves’^ encountered in other, 
physical phenomena (as in acoustics). Such stationary waves result 
when two advancing waves of the same amplitude and frequency but of 
opposite direction occur simultaneously. The wave-length of the 
stationary wave is then the same as that of the advancing waves, if by 
wave-length of the stationary wave we understand twice the distance 
between two consecutive nodes or anti-nodes. 

As is well known, the “wave-length,” X, of an advancing wave is 
equal to the distance traveled by the wave in one complete cycle. The 
propagation velocity, is the distance traveled in 1 second. If 
the duration of a cycle or period is T seconds, then 1/T or N complete 
cycles occur per second. Hence we have the relation 

Fx = i\r\=y (1) 


b. As we are j ustified in considering the oscillations of a lineal oscillator, 
as shown in Fig. 23, as stationary waves, we can apply equation (1), writ- 
ing it in the form 

JV = (2) 

N being the frequency. 

From a and as shown in Fig. 23, one-Jialf the waw-Ungth is equal to 
the total length, I, of the oscillator, i.e.. 



( 3 ) 


c. The velocity of propagation of the electromagnetic waves occurring 
in air along a conductor*® is practically equal to the velocity of light in 
air, hence: 

Fi = 3 X lOio cm./sec. 
whence; nr 3 X 10^®cm./soc. 

N = . ( 4 ) 

This simple relation if not quite accurate is approximately correct.* 

* This and what follows is based on the assumption that the oscillator is in free 
space, i.e., for practical consideration, its distance from conductors or high insulation 
must be large in oomparison to its own dimensions. 
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20. The Electromagnetic Field of the Fundamental Oscillation.— 

a. Direction of the Electromagnetic Field.— The magnetic field is com- 
paratively simple, the lines of induction being circles whose axes coincide 



yiii, 26. 

with the axis of the oscillator. Fig. 26* shows the liiK^s of induction in 
the equatorial plane f at a given instant. 

The lines of force of the electric field are shown in Figs. 27 to 30, for 
undamped oscillationsj at each eighth pei-iod during one-half a cycle 
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Fi«. 27. 
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t = JT 
Fia. 28. 



as calculated by M. Abeaham^® and drawn by P. Hack^®. pig. 27 repre- 
sents the moment at which the charge of the oscillator is zero, while 

* This and the following figures do not indicate the falling in amplitude with 
distance [c, d]. 

t That is, the plane perpendicular to the oscillator at its middle. 

t For damped oscillations the nature of the phenomenon would not be notice- 
ably different, 
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the current is a maximum; the following figures show conditions at each 
successive eighth period until after Fig. 30, Fig. 27 would again apply 
but with opposite signs, and so on. 



t = iT 
Fia. 29. 


To better comprehend these figures consider first that at the moment 
of zero charge, as in Fig. 27, no lines of force emanate from the oscillator. 
Immediately thereafter, however, the oscillator becomes charged, for 



example as in Fig. 28, the upper half positively, the lower part negatively, 
and lines of force emanating from the upper half reenter in the lower 
half. This process continues cumulatively until the maximum charge 

I 
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is reached at the end of the quarter period (Fig. 29). Then the lines of 
force in the oscillator gradually decrease again until zero is reached after 
half a period. A part of the lines of force which have emanated from 
the oscillator (Fig. 30) during the first quarter period go through a 
peculiar contraction during the second quarter, assuming a kidney-like 
shape,, and at the same time continue to move farther away from the 
oscillator. What happens to them as they pass off into distance is 
shown in Figs. 295 and 296, the first representing conditions at the 
moment of maximum charge, the second at zero charge. The advanc- 
ing lines of force gradually become arcs of circles. 

h. Phase of the Electi'omagnetic Field. Advancing Waves . — Neither 
the magnetic nor the electric field has the same phase at any moment 
throughout the entire space affected. Both assume the form of a 
wave advancing out from the oscillator with the velocity of light. 

The following will explain what is understood by an advancing 
(^lecitromagnetic wave, in the simplest case, when the amplitude remains 
constant. If over each point of the line of direction {OX in Fig. 31) 



of the advancing wave wc were to plot as ordinates the field intensity 
at any given moment, a sine curve, such as the full line curve in Fig. 
31, would result. It represents the distribution of the field strength 
along OX at this moment. A moment later a similar sine curve is ob- 
tained, but slightly displaced from the first one in the direction of the 
advancing wave front (as shown by the arrow). This is indicated in 
Fig. 31 by the dotted line curve. Hence a conception of the process 
may be formed by considering the sine curve to move in the direction of 
and with the velocity of the advancing wave, its position at any kistant 
indicating the distribution of the field intensity at that moment. 

From the preceding, it follows that at any one point there exists a 
simple alternating field whose frequency is 


N - 


Vl 


in which X is the wave-length of the advancing wave and its velocity, 
in this case the velocity of light. rst\ 

0ei-30ii>, 3809 
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It is evident that the phase varies from point to point.* It is the 
same, however, for two points lying in the direction of the advancing 
wave and separated by the distance of one wave-length, or a multiple 
thereof. If the two points are just a half wave-length apart, the phase 
difference will be 180*^. Or, in general, we have the phase difference is 

“ — T” where x is the distance between the two points. 


Similarly, if x is the difference in the respective distances of two 
points in the equatorial plane from the oscillator, the phase difference 

between the fields at these points is also 

c. The Amplitude of the Field. — Neither the amplitude of the 
magnetic nor that of the electric wave remains constant for different 
distances, r, from the oscillator; the amplitudes decrease as r increases. 
The magnetic wave amplitude in the immediate proximity of the 
oscillator roughly oc 1 / 7 * 2 , distances! 1 /r; the elec- 

tric field amplitude also cr 1 /r at very great distances, but close to the 
oscillator it approximately a 1 /r®. 

For the same distance, r, from the oscillator, the amplitude is greatest 


A 

B 


n 

vB 

In 





Pig. 32. 


for points in the equatorial plane; for any points outside of this plane, 
it decreases as the distance from the equatorial plane becomes greater. 

d. The Field at Great Distances from the Oscillator, — The electric*, 
as well as the magnetic waves approach a spherical shape (see Figs. 295 
and 296) as the distance from the oscillator becomes very great; hencic^ 
small portions of the wave front may be regarded as plane waves. In 
the immediate vicinity of the equatorial plane the lines of both electric 
and magnetic flux may be regarded as straight linos; the electric flux lines 
being perpendicular ^ the magnetic lines parallel to the equatorial plane 
(Fig. 32). 

The electric and magnetic fields are ^Hn phase^^X if they are considered 
to be of positive value in the directions shown by the arrows in Fig. 32. 

* For instance, at A tlio oscillation shown by the full linci curve (Fig, 31) is at 
that instant at its maxiniiun, whereas a moinont lu-tcu*, as shown by the dottc^l 
curve, it has already dccreuBcd. At .B, on the othcjr hand, therc^ is an increase between 
these two instants. 

t^.c., the distance from the oscillator is “great’' or “sinall” in relation lo the 
wavcAenglh. 

J In fact synchronism of the electric*, and magnetic fields exists at all great dis- 
tances from the oscillator whether in or outside of the equatorial piano. 
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If and Mo are the amplitudes of the electric and magnetic fields 
respectively, in the equatorial plane or its immediate vicinity, then [see 
Art. 25c] 

X. - 
M. - 

r 

in which |7o| is the current amplitude at the current anti-node^' of the 
oscillator. 

21, Damping of the Fundamental Oscillation. — a. Just as in the case 
of condenser circuits, thez'e is a transfer and re-transfer of energy between 
the electric and magnetic fields in the oscillations of lineal oscillators. 
There is, however, one very important difference. In a condenser circuit 
only such energy as is in some way changed into heat (due to the circuit 
resistance or in the dielectric of the condenser) is lost. But in a lineal 
oscillator, as shown in Fig. 28 and following figures, a portion of the 
electromagnetic field together with the energy it possesses becomes 
severed from the oscillator and passes off into space. The energy thus 
passed off is therefore lost to the oscillator. The amount of energy sent 
out per second in this way is called the “radiation,” 2. 

5. This dissipation of energy must of course affect the damping of the 
oscillation, so that to the other decrements there is added a “radiation 
decrement” (also caHed the “Hertz decrement”). 

According to M. Abraham,^® the radiation decrement of a lineal 
oscillator is given by 

, 2.44 

a V — ' ■ ■ ^ 

log nat - 

(I b(ung the length, r the radius of the oscillator). For a length of 100 
meters, has the following values for different diameters of wire; 


Dijun. of Wire in iniii. 

0.5 0.18 

1 0.20 

2 0.21 

3 0.22 

4 0.225 

5 0.23 


Hence for all wires within these limits the radiation decrement is not far 
from 0.2. 

c. In general, the radiation decrement is much greater than the 
Joulean decrement, assuming the oscillator to consist of copper wire of 
at least 1 to 2 mm. diam. The radiation decrement is therefore the 
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determining factor in open oscillators which have no spark gap and no 
heavy leakage discharge. 

If the oscillator contains a spark gap, the gap decrement may assume 
considerable proportions, just as in condenser circuits. The energy loss 
due to leakage (see Art. 14a), has not been carefully investigated as yet, 
though it has been found at times to be quite appreciable as compared 
with the other losses. 

22, Upper Harmonics of the Lineal Oscillator. — a. The distribution 
of current and potential is shown for the first 3 harmonics in Figs. 33, 
34 and 35. The dotted lines marked I are for the current, the full lines, 
V, for the potential. 



l8t upper 
Hannonio 


Fig. 33. 



Fig, 34. 


2nd Upper 
Jia.'nnonia 



Fig. 35. 


h. As these upper harmonics may propc^rly h(^ consifhired as stal.ionary 
waves as well as the fundamental oscillation, we have the following 
equations for wave-length and frequency: 

Inmdamental: ^ - 1] N ^ — - 

^ 2^lrm, He(i. 

First Upper Hurmonie: = s; iVi = - 

^ ^ ' /cm. HOC. 

Second Upper Harmonic: ^ : A’o = 3 • ^ . 

^ O 2Lcvi. HOC. 

Hence the frequencies of the upper harinoiiicH arc simple multiple's of the 
fundamental frequency. 

c. The conditions for the clectroviagnctic field are similar to those of 
the fundamental oscillation. Here especially we have a portion of tln^ 
electric lines of force separating and passing off into space.*-i« This also 
results in a continued radiation of energy with the consequent radiation 
damping. 
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23. Coils. 28 — In the first place it is very probable that natural oscilla- 
tions of the kind described in Art. 17, et seq,, can occur in a wire even if it 
is wound in a cylindrical coil instead of being stretched out in a straight 
line. 

а. The current and 'potential distribution for the fundamental and 
upper harmonic oscillations is qualitatively the same as for straight wires: 
the fundamental wave has a current anti-node and a potential node at 
the center of the coil and current nodes with potential anti-nodes at either 
end, while the first upper harmonic has current nodes and potential 
anti-nodes both at the middle and at the ends. Quantitatively, however, 
the relations differ in several respects from those of straight wires. 

б. Comparing the frequency of the fundamental oscillation of a coil 
of wire with that of a lineal oscillator of the same length of wire, we have 
the following: With long, narrow coils the frequency may be as much as 
one and one-half times as great as for the straight oscillator of the same 
wire length and the wave length correspondingly only two-thirds that of 
the straight wire. For short, wide coils, however, the fi’oquency is always 
less* (the wave-length always greater) than for a straight oscillator of the 
same wire length; in fact the coil frequency may be very much lower 
(the wave-length very much greater). 

Hence the frequency of the fundamental oscillation f of a coil is 
not directly proportional to its wire length, as for straight oscillators, 
and must be determined experimentally, unless the frequency can be 
determined by the methods already described. 

c. A characteristic difference between relatively long thin coils and 
the straight lineal oscillator is in their (effective capacity [Art. 27], 
wliich is much smaller for a long thin coil than for a straight wire of the 
same length. As a result, with such coils a very slight change in the 
capacity has a very marked effect on the freqiumcy. A small piece of 
metal, in fact even of insulating material, brought near the ends of the 
coil is sufficient to produce a noticeable (change in thofniqiiency C' capacity- 
sensitiveness^^ of coils). 

d. A further characteristic difference lies in the extremely low radiation 
of coils as compared to straight lineal oscillators. Hence radiation plays 
but a very slight part in the damping of coils, so that as long as there is 
no leakage discharge the damping of coils is determined almost entirely 
by the Joulean decrement. For coils without a spark gap, whose wires 
are massive but neither extremely thick nor thin, the decrement is of 
about the same order of magnitude as for a condenser circuit with spark 
gap. By the use of flat copper strip or of braids whose strands are 
individually insulated [Art. 36d] and by proper design of the coils, the 

* If the coil length is about twice its diameter, then the wave-length is approxi- 
mately the same as for the straight wire oscillator, i,e., it is twice the wire length. 

t And also of the upper harmonics. 

8 
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decrement can be brought just as low as for condenser circuits without 
a spark gap. 

No systematic investigations have as yet been made as to just how 
the decrement of coils is affected by leakage discharge. Such observations 
as have been made, however, indicate that the effect is quite marked. 

2. GENERAL PROPERTIES OF OPEN OSCILLATORS 

24. Current and Potential Distribution Along a Wire. — Consider a 
portion of an oscillator of any kind and any frequency to consist of a 
straight or at least not extremely bent (e.gf., wound in coil foi'in) wire. 
Then the following holds approximately true for the distribution of 
current and potential along the wire:**‘^ 

a. The curve of current distribution is a part of the sine curve repi’c- 
senting the current distribution of a straight lineal oscillatoi* of the sanui 
frequency [Art. 18]. The same applies to the potential curve. 



That is, in accordance with Art. 19, thccui’nuit and ])<)teiitial curves 
for the wire are parts of sine curves, whose nodc^s (or anti-nodes) liave a 
distance apart (which is a half wave-length) as given by the relation 


X ^ Vl 
2 2N 


( 1 ) 


in which N is the frequency of the oscillator. 

6. Just as for thc^ straight lineal oscillator (Figs. 23, 33, 34, 35), the 
current anti-no(I(^s coincide with potx^ntial iiodi^s and wee verm. Tln^ 
relation 1 ) 0 tween the current amplitude \l{]\ at ih<^ (nirr(mt anti-node to 
that of the potential [Vi] at its anti-node d(5i)ends mainly upon the 
dimensions of the wire. Wo have 


|/„| ^ jC^i 
I Fuf 


( 2 ) 


in which and iudic.ato the capacity and (U)effi<iiout of self-induc- 
tion respectively of. the huigth of wir(', c.onsidenMl as ti unit. 

c. Whether any nodes and tuiti-nodes of current tuul potential exist 
at all on the wire, and if so, at what points, depends on the shape of the 
entire oscillator and the nature of its oscillations. If one end of the wire 
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is free, there must necessarily be a current node (potential anti-node) 
at that end, as the current must be constantly ^lero at this point. 

ThUiS if B in Fig. 3G is the free end of a wire oscillator, the current and 
)>otential distribution must be about as shown in the figure. Here the 
l^ortion Ai? =: onc-fourth of the wave-length according to equation (1). 

If the oscillator consists of two symmetrical halves, the fundamental 
oscillation must have its current anti-node (potential node) at the center 
of the oscillator.’'* 

26. The Electromagnetic Field at Great Distances from the Oscillator. 

— a. Consider the straight wire oscillator AB, shown in Fig. 37, to have 
a length Z, very short in comparison to the wave-length of the oscilla- 
tion, t so that the current amplitude is practically the same at all points 
of the wire. Then the relations determining the electromagnetic waves 
radiated by such an oscillator become very simple, if we limit ourselves 
to distances, r, from the wire which are very great as compared to the 
wave-length. 



h\ii, 37. 


It should 1)0 noted that the relations which follow arc quite different 
from those which apply to static fields. We liav(‘ tlieii; 

1. At any point, P (whose distamu^ r from AB is much greater than 
the wave-length) the direction of the el (^(! trie fi(*ld lies in the plane con- 
taining P and the wire AB, In Fig. 37 this is the plane of the page. 
It is p(n*pondicular to the radius r. Tlie magnetic, flux M is perpen- 
dicular to the plane of the page at P. 

2. The respective avi'pUludcH of tlu^ ole(Jtri(; and magnetic fields are: 

= TT.Fy;, • ^ siu = 2kN . I siii d ~ C.G.S. 

X r r 

2 

M« = X. [■ ■ siu 9 = 2xiV. I siu 9 - ■ C.G.S. 

AT r d X 10^” 

2 

* For example, this would apply to a condenser circuit as shown in Fig. 1, in which 
the current node occurs at F. From what has been said it follows that the statement 
[Art. 18tt] that the current amplitude is the same at all points of a condenser circuit 

holds true only as long as the length of the circTiit is very small as compared to To 

be sure, this is probably always the case for condensers as used in practice. 

t This can be accomplished by placing bodies of relatively large capacity at tho 
ends A and B [Art. 28]. 
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That is, the field strength is proportional to the current amplitude, Jo, 
the frequency, N, of the oscillation and to the projection, A'B', of the 
wire length, I, on a line perpendicular to r {A'B' = i sin t? in Fig. 37). 

3. The phase of the electric and of the magnetic fields is the same.* 
The difference in phase with the current depends on the distance rP 
It increases as for all advancing waves [Art. 206], proportionally to r; 

if r is increased by an amount x, the phase difference increases by — • 

A 

Hence the oscillations at two points at respective distances ri and n 
may be considered as having the same phase only if ri — is very small 
as compared to X. 

b. The results stated above may be used for calculating the electro- 
magnetic field of any oscillator at any point, P, whose distance from 
the oscillator is great compared to the wave-length. The correct value 
of the field can be obtained by applying the following rule: Consider 
the oscillator subdivided into small elements h, Za, etc., sufficiently short 
to have the current amplitudes (Ii„, J 20 , etc.), constant throughout 
each length. Then calculate the field strength for each element from 
equation (1), given in a. The partial fields so obtained are then com- 
bined, giving the total resultant field. f 



Fia. 38. 


c. This method becomes very simple if the oscillator is unidirectional 
(AB in Fig. 38) and if the field is to be calculated for a very distant 
point in or very close to the equatorial plane. 

We then have the angle t? [a] = 90° for all the current elements, so 
that the individual partial fields have the same direction. Also th(^ 
distance r of the different current elements is practically the same and 
hence the partial fields all have the same phase. Hence, under these 
conditions the amplitude of the resultant field equals the sum of the 
amplitudes of the partial fields, 


Po = — ■; (Z1/10+ W20 + • • .) 

■^0 ss: - • (lih^ -f- Z2/20 + . * .) 


( 2 ) 


* Assuming that E aud M are considered positive in the directions of the arrows 
in Mg. 37. 

t Allowance must be made not only for the difference in direction of the partial 
fields, but also for their phase differences. 
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The factor (IiIiq + ^ 2^20 + • . .) means the sum of the products of the 
Ienfj;th and the corresponding current amplitude of each element. 

This result may be expressed in various ways: 

1. The summation faertor in parentheses is nothing other than the 
product of the oscillator length and the average value j of the current 

amplitude in the oscillator equation (2) may therefore also be written: 


Jkfo = 27rv--" = aM 

\ r Vi, r 


( 3 ) 


2. As the average value of the current amplitude along the entire 
length of the oscillator can not be measured directly, it is more con- 



venient to introduce the maximum current amplitude |/()| at the anti- 
node. For the given current distribution To is proportional to |/()|, i.e.^ 

/() = a |J()[ 

The factor a, which is determined by the nature of the current dis- 
tribution, is called the ‘‘form factor” of the oscillator. 

If the current amplitude is the same at all points along the oscillator 
[Art. 28] o: = 1, which of course is its maximum value. As the other 
extreme, we have the case of the current distribution curve on each 
half of the oscillator being practically a straight line passing through the 
end of the oscillator [Art. 31a]; here a = If the current distribu- 

tion curve is a pure sine curve as in Fig. 23, then a = 2/7r.*’®^ 

* This value of « substituted in equation (4) page 38 gives the equations in Art. 
20d, remembering that I — X/2 [Art. 196], 
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Introducing the form factor into equations (3), vve obtain: 


Eo = 2xVi . . ^ • 4^ = 27r Y • ^ 3 X 10»« C.G.8. 


= GOtt 

Mo 5 = 2 t 


X r 

Oil |Jo| amp 


volts 


A ' ^om 

— jill _ 

X'r 3X101“: 


cm 

27rJiV 


2tN. Oil . 


IJ^o 


cd)I^C.G.8. 

r 


(4) 


3. Interpreting this geometrically, if we plot the curve of curreni 
distribution by plotting the current values as ordinates at each currem 
element and connecting the points thus obtained (dotted curve in Fig 
39*), then the area (shaded in Fig. 39) included by this curve and th( 
oscillator = (Wio + Z 2 ^ 2 o + ). Hence it follows from equa- 

tion (2) that the area included by this curve is a measure of the am/pliiudi 
of the electromagnetic field in distant parts of the equatorial plane. That is. 
the current distribution curve is also characteristic of the effect at remote 
distances. 



d. This construction can easily be applied to more complicated oscil- 
lators (e.g,f of the form shown in Fig. 40t) in which the individual 
current elements have different directions. A straight line, ^17:^, is drawn 
through the middle point, 0, of the oscillator, peri)endi{!iilar to tlu^ 
equatorial plane. At each , point, F, of this line ordiiiat(^s, I*Qf are 
erected equal to the sum of the current amplitudes of all thci points 
(current elements) of the oscillator which lie in the plane containing 
P and parallel to the equatorial plane. Thus at P in Fig. 40 w(^ have 

PQ = PiQi + P2Q2. 

The area (shaded in Fig. 40) between the curves (dotted in Fig. 40) 
thus obtained and the straight line AB is proportional to the amplitude 
of the electromagnetic field at very distant points in the equatorial 
plane. J 

* The curve of Fig. 39 has been purposely chosen of arbitrary form; it would 1)0 
a sine curve for a straight lineal oscillator. 

t Oscillator consisting of simple straight wire at the center with two briinched 
wires at each end, 

J However, this construction is justified only if - the width of the oscillator is very 
small as compared to the wave-length. In that case the justification of this con- 
struction follows from h and c. 
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e. If t.ho procod ui*(> ^ivcn in h is nppliod to a cUu^cd oscillaion, 

1,0 tJio simplest form of condcmscu’ circuit (Fij*;. 41), whose dimensions are 
very small as companul to the wave-length of the oscillation, it is found 
that this oscillator does not give a powerful field at distant points as, 
say, at P. The partial fields of the individual current elements 
those of ah and cr/, Fig. 41) practically neutralize each other. 

Much the same is true of coils. 

26, The Radiation of an Oscillator. — In Art. 25 it was shown how to 
determine the amplitude of the electric and magnetic field at distant 
points in the equatorial plane of any oscillator. The amplitude of this 
electromagnetic field is to a certain extent a measure of the energy 
radiated by the oscillator. 

а. Imagine a sphere whoso center is that of the oscillator and whose 
radius is very large compared to thc^ wave-length; then the amount of 
energy passing through 1 sq. cm. of the surface of the sphere during each 
cycle or period is 

OTT 

/ir’o and Afo representing the amplitude of the (*l(Md,ri(^ and magnetic fields 
respectively at the point in question. 

If the amplitude at all points w(M*e as great as in the equatorial plane, 
then the quantity of energy passing through the total surface F of the 
sphere, per cycle, which is also the total radiation per cycle, would be 

in which |A'o| and |Mo| I'opresent tlu' fi(4d amplitude in the equatorial 
plane. As a matter of fa(;t, how(‘V(U', tln^ fu^ld stremgth dcKU’cases from 
the equator to the poles, and tlu^ ac^tual total radiation per cycle is 

the factor y being loss than unity and depending upon the nature of the 
decrease of the field strength from the equator to the poles. While this 
factor varies with different types of oscillators, the valuation is so small 
as to be negligible for qualitative considerations. From the foregoing, 
we may therefore conclude: The greater the amplitude of the electric and 
magnetic fields at distant points in the equatorial planOj the greater is the 
radiation of the oscillator, f 

б. According to Art. 25 both Eo and Mo are proportional to |7o|. 

* For sinusoidal current distribution y = 0.61, while for even distribution, i.e., 
the same current amplitude at all points along the oscillator, y = 0.67.®® 

t The amplitude of the electromagnetic field in the vicinity of the oscillator is 
absolutely no indication of the amount of radiation. 
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Hence the energy radiated per cycle varies as |/o|® X IT and the energy 
radiated per second, that is, the radiation, S [see Ai't. 21a], is proportional 
to \l\hti, if |/|V/ is the average time value of |/[^. Hence we may 
write the energy radiated per second 

S = (1) 


The expression for the energy lost by radiation thus arrived at is entirely 
analogous to that for the energy lost as heat developed by the resistance 
of thecircuit( == if |/|V/[A.rt. 27a]), In view of this analogy if miscalled 
the ‘‘radiation resistance” of the oscillator. 

From this definition and from the relations explained in Art. 25, 
it follows that or l/X^. Approximately (R. Rudknbbrg^s) 

we have: 


Rs — 


8tWl 


,al\^ ^r/aly^^lQ^oc.G.S. 


ilY- 


3 \X. 


= SOtt^ ohms [see Table XIII] 


( 2 ) 


At one limit (same current amplitude throughout the entire oscil- 
lator) a = 1 [Art. 25c], and 

if 25 = ohms = approx. 800^^^ ohms 


while for the other limiting case a = 0.5 and 


ifs = 207r“ 



approx. 200 



For the case of sinusoidal current distribution of the form shown in 
Fig. 23 (a = 2/7r, I = X/2) equation (2) gives if s == 80 ohms. Actually, 
however, as shown by a more accurate calculation^® the radiation 
resistance in this case is 

ifjj = 73.2 ohms. 


27. Effective Capacity and Effective Self-induction of an Oscillator. — 
a. It is frequently convenient to express the frequency, iV, the wave- 
length, X, and the Joulean decrement, d,-, of an oscillator similarly to the 
expressions for a condenser circuit, viz., 


* Or [Art. 8rf]. 


di = 22^- = = 2T^Fjry- 


di « GOOtt* 


Rohma GMF 


= approx. 


2 Rokma Cci 


300 Xmefdrif 


( 1 ) 

( 2 ) 
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The quantities deHif»;iuitocl herein by /i, L and C are called the “effective 
resistance,’^ “effective coefficient of self-induction” and “effective 
capacity” respectively. 

li jnay be defined as being that value in the expression when 

this is equal to the energy dissipated as (Joulean) heat per second/^ 
if |/1 is the current at that point of the oscillator at which the maximum 
current amplitude occurs.* L and C are then defined by equations (1) 
and (2). 

' From this definition of R it follows that R — the same being true also 
of L and C — depends not only on the dimensions of the oscillator, but 
also on the frequency and on the resulting distribution of current and 
potential. For example, these quantities will have different values for 
the fundamental and for the upper harmonic oscillations. 

If lFo| is the maximum potential amplitude occurring at any point 
of the oscillator, and if |/o| is the maximum current amplitude, then we 
have 

\I,\ =/3.coC|y„|=;8.Aj^--lF„| 

in which S is a factor whose value for the majority of cases encountered 
in practice differs only slightly from 1. 

h. Just as the Joulean decrement is determined by the ohmic re- 
sistance, so the radiation decrement d^ may be expressed in terms of 
the radiation resistance: 

(3, 


3. VARIOUS FORMS OF COMPLEX OSCILLATORS 


28. Lineal Oscillator with Two Equal Capacities, One at Each End 
(Hertz Oscillator). — a. The effective capacity of the oscillator is in- 
creased by the conductorsj attached at the ends. Hence the frequency 
will be lower and the wave-length greater than for a simple wire of the 
same length. The difference is the greater as the end capacities are 
greater in proportion to effective wire capacity. 

b. The distribution of current and potential must be as shown in 
Fig. 42. § The greater the attached end capacities are as compared to 


* Generally this is the current value at the anti-node, 
t Or [Art. 8d] 

j of\r\ tfR^ohms CmF 2 R'^ohmt Cci 

ds = GOOtt® — ^ = approx. 


y^motera 


300 \ni6tera 


t It is assumed that the conductors mentioned here and in what follows have 
dimensions so small in comparison to the wave-length that the potential may b ? 
considered as the same at all parts of the conductor. This is largely, though not 
entirely true of spheres, circular or rectangular sheets of metal or wire meshes. 

§ In regard to shaded portion of this and following figures, see Art. 33. 
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the effective wire capacity, the nearer does the minimum current ampli- 
tude at any point of the wire approach the current 
amplitude at the anti-node, i.e., the curve of cur- 
rent distribution approaches a straight line paral- 
lel to the oscillator, and the form factor approaches 
1.0 in value. 

The current amplitude at its anti-node is deter- 
mined by the potential amplitude at its anti-node 
from equation (2) Art. 24. As a matter of fact the 
highest potential on the oscillator occurs at the 
end capacities. Hence the current amplitude is 
much greater in relation to the maximum potential 
amplitude than it would be for a simple wire of 
the same length. 

c. If we compare such an oscillator, as regartls 
effectiveness at a distance, with a lineal oscillator 
of the same length, the former (Hertz transmitter) 
has the advantage of its high current value at the 
current anti-node and the high value of its form 
factor [Art. 26c]. On the other hand, from equa- 
tion (2) Art. 25 the longer wave-length of the 
Hertz oscillator would be unfavorable. How- 
ever, in spite of this latter condition, the effec- 
tiveness at a distance of a Hertz 
oscillator is greater than that of a 
lineal oscillator of the same wire length, assuming that 
the maximum potential amplitude is the same on both 
oscillators, 

29. Lineal Oscillator with Capacity at One End. — 

a. Current and potential disti’ibution are shown in Figs. 

43 and 44, for a moderate capacity in Fig. 43, for a very 
large* capacity in Fig. 44. The larger* the capacity 
attached at one end is,' the greater is the wave-length 
of the oscillation and the farther from the middle of 
the wire does the. current anti-node (and node of poten- 
tial) occur, coming nearer to the end capacity. 

If the attached end capacity is extremely great as 
compared to the effective capacity of the wire, then 
the current anti-node (also the node of potential) is but 
very slightly displaced from the end capacity; hence th(^ 
wire length is about equal to one-quarter of the wave- 
length (Fig. 44). 

6. The following will explain why the potential node and current 

* In comparison to the effective wire capacity. 
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Fig. 42. 
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anti-iiocic must noocssarily occur at the capacity in the last'-montioned 
case. The relation between potential, Fo, and current, Jo, amplitudes 
at any point is given by 

/o = o; (7Fo 


Hence if the capacity, C, of the attached conductor is very large, Fo 
must be very small for a given value of It follows that, if a con- 
ductor of very great capacity is attached to an oscillator at any point, a 
node of potential and a current anti-node will occur at or very near to 
this point. If a potential node (current anti-node) already existed at 
this point, the addition of capacity will not change 
the distribution of current and potential from the pre- ^ 

vious condition. 

c. The conditions indicated in Figs. 43 and 44 
may also be conceived in a somewhat different way. 

Given the portion OA in Fig. 43 and the current 
and potential distribution along OA, This distri- 
bution can be obtained by the addition of a sym- 
metrical portion, OB, forming a straight lineal oscil- 
lator. However, the portion OB can be replaced 
by a shorter portion, OC, and a capacity C, so chosen 
that the current and potential distribution on OA as ^ 

well as the frequency remain just the same as for 
the symmetrical oscillator AOB, The shorter OC 
is in relation to OA, the greater must be the Fig. 44. 

capacity C, 

30. Lineal Oscillator Containing Series Condensers. — a. Assume 
two condensers of the same size inserted one at each side of, and at a dis- 
tance a from the middle point of a lineal oscillator. We may then, with 
sufficient accuracy, conceive the condenser capacities and the effective 
capacity of the wire as being simply connected in series. As a matter 
of fact the introduction of the condensers does reduce the effective ca- 
pacity of the oscillator. The result is an increase in frequency and 
thereby a shortening of the wave length, which is the more marked the 
smaller the introduced capacity is in proportion to the effective capacity 
of the wire. 

The distribution of current and potential must be approximately as 
shown in Fig. 45. This follows partly from the effect of the frequency 
upon current and potential distribution discussed in Art. 24, partly from 
the relation between the current amplitude Jo at the condenser of capacity 
C and that of the potential, Fi — F 2 , between the condenser coverings, 
viz., 

Jo = C(Fi - F2 )o 

* w ( *= 2iriV) does not become very small at the same time. 
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6. If the two condensers are brought nearer together at the center of 
the oscillator until they may be replaced by a single condenser, the 
current and potential distribution will be as shown in Fig. 46. 

c. If the inserted condenser or condensers have very great capacity, as 
compared to the effective capacity of the wire, their introduction has no 
appreciable effect upon the characteristics of the oscillation, inde- 
pendently of the point at which the condensers are added. 



Fio. 45. Fig. 46. 


31. Lineal Oscillator Containing Series Inductance. ‘* 2 — a. The intro- 
duction of coils increases the effective coefficient of self-induction of ihi^ 
oscillator. The result is reduced frequency with increased wave-length. 
The extent of the change depends upon the dimensions of the coil ns 
compared to those of the rest of the oscillator. For a giv(^n oscullator 
the coefficient of self-iudiuition of the coil is a good ineasun^ for th(^ 
change in wave-length:* th(^ greater the cocffffcient of S(df-indu(!ti()n of th(\ 
coil is, the greater will bo the change in wavci-length caused l)y its 
introduction. 

The distribution of potential and cuxTont must be as shown in Fig. 47, 
assuming that the length AC = wave-length. Only that portion of 
the current curve which is near the current node lies on the wire* Honcjo 
the average current amplitude is comparatively low and also the maxi- 
mum current amplitude occurring on the oscillator is much less than it 
would be for a straight lineal oscillator corresponding to the same poten- 
tial amplitude, 

* At least for such cases as are encountered in practice. 
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The greater the self-induction of the inserted coil, the greater will be 
the wave-length of the oscillations as compared to the length of the 
oscillator and the more will the curve of current dis- 
tribution on each half of the oscillator approach a 
straight line passing through the end of the oscillator, 
the form factor a approaching 3^^ in value. 

h. The coil adds nothing appreciable to the distance 
(^lfec,t [Art. 25e]; the current distribution along the 
straight part of the oscillator, with its low form factor 
is very unfavorable for distance effect, while the in- 
(a-easo in wave-length due to the coil has the same un- 
favorable tendency. All these factors tend jointly to 
(considerably reduce the distance effect, as well as the 
radiat-ion rc'sistance of such an oscillator, as against a 
straiglit lineal ostcillator of the same length and 
poteniial. 

Morc'ovcM-, as Hue eflectivcc (capacity of an oscillator 
of llie form shown in J^'ig. 47 is practically the same 
as tliai, of a, lineal oscillator of tlie same length, while 
Mac ('fbadive (cocdlhciccnt of s('lf-induction is much 
gr('al(M*, it follows, from e(piation (3) Art. 27, that the radiation decre- 
virnf is vrarli smaller for an os(cillator containing a series coil than for a 
straight oscillator of the same length. 

32. Lineal Oscillator with Both Inductance and Ca- 
pacity.- -(/. Tluc decreascc in freciuency caused by the in- 
troduction of coils can be eit her entirely or partly com- 
p('nsat('d for by the intfoduct-ion of condensers, or con- 
V(‘rt('d into aJi inc.rease in freciuency [Art. 30]. Just 
whi(ch ol t'lucs(c thr(c(c possibilities will result depends upon 
tb(c nchitive valmcs of tluc scclf-induction and the capacity, 
otlucr things Ixcing (uiual. If the coils have the greater 
effcMct., the distribution of current and potential will be 
siinilai' to that shown in lig. 47, while if the condenser 
effect is the greabu’, tlu^ distribution will be as shown in 
Fig. 45 or 40. 

If the effect upon the frequency of the coils is exactly 
compensated for by that of the condensers, then the cur- 
rent and potential distribution along the straight portion 
of the oscillator (Fig. 48) is about the same as for an 
ordinary straight oscillator of the same length. 

5. In one respect, however, the oscillator of Fig. 48* 
differs very materially from a simple straight oscillator 
of tho same length, viz., the radicction decrement of the former is much 
* The reader ihust imagine a symmetrical lower half for Fig. 48. 
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Fig. 47. 
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less than for the latter as obtained from the relations given in Art. 26 
and 276. Hence oscillators of the form shown in Fig. 48 are frequently 
referred to as “oscillators with reduced radiation damping.” 

33. Grounded Oscillators. — It was shown in Art. 29 that one-half a 
straight lineal oscillator may be replaced by a capacity connected*^ at 
the center (current anti-node) without noticeably changing the distribu- 
tion of current and potential for the fundamental oscillation of the 
remaining half of the oscillator. This is by no means restricted to the 
plain lineal transmitter, but holds equally good for any of the classes of 
oscillator discussed in the preceding paragraphs. 

The earth may, within certain limits, be considered as such a large 
capacity on condition that it. is highly conductive at the point in question. 
If then, in the oscillators previously described, we assume a half of each 
removed and the remaining half directly connected to a conductive por- 
tion of the earth, i.e., “grounded,” the cuiTent and potential distribu- 
tion in each case will remain unchanged. The distribution curves of 
Figs. 42 to 48 therefore are also correct if only the upper half of each 
oscillator remains and the lower half, shown in the shaded area, is re- 
placed by a ''good ground.” Moreover, what has been stated in the 
preceding in regard to the frequency and wave-length of the fundamental 
oscillation of symmetrical oscillators holds equally true for the 
grounded half. 

* i,e,j directly connected by actinil contact, nut by any luoana through a wire con- 
nection of any material length. 


CHAPTER III 


THE HIGH FREQUENCY ALTERNATING -CURRENT CIRCUIT 
1. RESISTANCE, SELF-INDUCTION AND CAPACITY 

34. Current Distribution in Cross-section of Solid Wires. — For 
direct currents and also approximately for alternating currents of such 
frequencies as are used for commercial power and lighting purposes, the 
current per unit area is the same at all parts of the cross-section of the 
(jouductor. But with the high frequencies customarily employed in 
wireless telegraphy, the current density is always greatest in the parts 
nearest the surface of the wire. It decreases as the center of the wire is 
approaclied, the de<n’oase bcung most rapid for higher frequency, higher 
c.onductivity and higher permeability of the material of the wire. This 



Fr(j. 40. 


decrease may so 1 ‘apid (hat pra(^li(ailly the (Mitire current is restricted 
1.0 a v(n*y thin ouic'r slu^at.li of l-lie wire (the so-called “skin effect”). 

Fig. 49* shows {he droj) in ciirnmt density in copper wire as the 
depth from the surfa(a 3 is inc.reased, for various frequencies. 

36. Coefficient of Self-induction.^^ — If the skin effect is very decided, 
there is practicailly no magnetic field within the wire. While for direct 
currents tlio coefficient of self-induction of the circuit is made up of two 
parts, one originating from the field inside of the wire, the other from the 

* Tlio ininiinuin wire radius for which the curves of Fig. 49 still hold good, at 
AT = 0.5 X 10®/soc., is about 8 mm.; at AT = 2.6 X lOVsec., about 1.6 mm.; and at 
N = 5.0 X lOVaec., about 1.1 inm. With thinner wires, the drop in current density 
is not so rapid. 
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field without the wire, for high frequency alternating currents the first 
part (which for non-ferromagnetic straight wires of length I cm. amounts 

to 2 C,0,S. units) practically disappears. No great error will be matle if 

for straight or nearly straight solid wires the first part is neglected and 
the ‘‘ejBfective coefficient of self-induction/’ L, for high frequencies i>s 

calculated by deducting ^ C,G.S. units from the value applying to direc.t 

currents (see Table VI). For wires which are much bent, however, tlu^ 
relations are not so simple* (see Art, 37). 

If the development of a skin effect is prevented by the use of properly 
woven and twisted braid, consisting of individually insulated wirc^s 
[Art. sod], the effective coefficient of self-induction, L, for oscillating 
currents will not differ materially from that, L*, for direct current, this 
being true not only of straight wire circuits, but also of coils wound in a 
single layer/® 

36. Resistance of Straight Wires. — A further result of the unevcui 
distribution of the current is that the cross-section of the thin ouliu’ 
sheath, in which the flow of current is concentrated, rather than the 
section of the entire wire, determines its resistance to high fre^- 
quency currents. In fact the so-called “effective” resistance, J\\ of a 
wire also called the alternating-current resistance foi‘ high fre(iu(‘n(*y 
oscillations [Art. 8 a], is something quite different from the resisianctU'or 
direct current. This difference increases as the frequency, tlu^ radius of 
the wire, its coxiductivity and its permeability be(H>me grc^atcM*.'^® 

C5. Table Vll at the end of the book gives tlu^ n^sistanc-e of copp(M* 
wires of various sizes and for different frequencies eu(u)unten^(l in radio 
practice. The resistance of iron wire is much higher on account of liigh 
permeability so that for this reason alone its us(^ in pi*actic(^ is forbiddem. 

6 . For very thin wires, particularly when made of mental having low 
conductivity, the effective resistance at radio froquenck^s is but litlk^ 
diffex’cnt from that for direct current, the diffeixuiee (lec,reasing as ilu' 
size of wire decreases. In Tabki VIII are giv(ui those sizes of wire of 
different material and at different frequencies for which this variation 
from the direct-current resistance is just 1 per cent. 

Resistances'^’^ which are practically non-indiietivo and prac^ticuilly 
independent of the frequency can be made up of thin wires of constani.an, 
manganin and nickelin for small currents, whih'. braids of th(^s(‘* win^s 
individually insulated, arc lamp carbons, graphite rods and also glass 
tubes containing an electrolyte, such as CUSO 4 solution, serve for larger 
currents. 

The coefficient of self-induction of csoils made of heavy wire may be al)out 20 
per cent, less for high frequency oscillations than for direct current. FormulflC for 
the coefficient of self-induction, L, of coils are given in Table VI. 
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c. The following conditions are closely associated with the skin 
effect : 

1. A copper tube with walls hot extremely thin has, to all intents and 
purposes, the same resistance as a solid wire of the same diameter and 
material of course, for high frequency currents). 

2. Tinned copper wire is not desirable, as the current is carried mostly 
by the poorly conducting tin, making the resistance higher than for the 
untinned wire. 

3. Copper-clad steel wires have a resistance only very little higher 
than copper wires, and combine the high conductivity of the copper 
with the greater tensile strength of the steel, which is very advantageous 
for antennae submitted to high wind stresses.* 

d. An important difference between the resistance for direct currents 
and that for high frequency currents lies in the relation to the wire radius, 

r, for in ih(^ first (^asc the n^sistance a while in the latter case (for 
wires not too thin) it a \ 

In ()tli(*r words tJie dinv^t-current resistance simply depends on tlu^ 
total cross-sc'cdion of tiu^ condiKjtor, whether this is a single wire or made 
up of a niiinlHu* of wires in parallel giving the same total cross-section. 

I<\)r os(nllating (uirrents it is preferable to replace heavy solid wires or 
tiilx^s by braids of very thin individually insulated wires oi* flat ])ands made 
up of siK^h braids woven together. f But care must be taken that th(^ 
curremt doc's not distribute itsc^lf much the same as it would in a solid 
wire, i.e.y mainly in those of th(‘ smalhu’ wires lying near the outer sur- 
face. This is ])rovided for ])y so twisting and interweaving the component 
wires that eac^Ii of tluun Ii('s at the out-side just as many times as on the 
inside of the circuit, n'sulting in a uniform current amplitude in all 
the wires. 

Furtluu’inore, while for dinxit currents the resistances, aside from the 
specific (sonduestivity of the material, dei)ends only on the area of the 
cross-so(stion, Iho. form of the seestion also plays a part in determining the 
effective resistance of a cond lies tor carrying high freciuency oscillations, 

e.g., thin copper l)ands^‘* in general have a lower resistance than cylindrical 
copper wire of the same cross-sectional area, though the resistance of th(^ 
l)an(Ls also imu’eases rapidly with increasing frequency unless they are 
exceedingly thin. 

* For (example, the antenna of the Eiffel Tower has galvanized steel wires. 

t The first .suggestion to use woven ropes of thin insulated wires for high frequency 
eire.uits probably originated with N. Tjcsla.®” F. Dolezalek was the first to intro- 
duce tlu^ni into actual practice. Braided wire of this kind is furnished by many 
inanufa(;turers, but by no means always of equal valuej Braids of enameled wire (i.e., 
wire having very thin enamel insulation) of 0.07 mm. cUam. are very satisfactory. 

4 
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37. The Resistance of Coils. — The only conductors having appre- 
ciable self-induction encountered in radio circuits are usually in the 
form of either “cylindrical coils” (Figs. 60 and 51) or “flat spirals” 
(Figs. 62, 53 and 64; see also the much used form in 
Fig. 236 marked “28”). 

a. If these coils are made of solid wire the current 
distribution over the cross-section is subjected to a fur- 
ther complication as compared to the simple straight 
solid wire. The current amplitude is no longer dis- 
tributed symmetrically to the wire's axis but is consid- 
erably greater on the inner 

side of the coil than on the ^ - — m 

outer side. This results in --- - 

a further increase of the re- ^ 

Fig. 60 . sistance, so that the effec- 
tive resistance of coils as 

used in radio woi’k is apt to run as high as one and one-half to two 
times that of the same wire when unbent. 

The dissipation of energy and hence the effective resistance of coils 
is considerably increased if they are so constructed that a large propor- 



Fig. 62. Fio. 53. 


tion of the magnetic force cuits tlio turns of the win^ (as for example at the 
ends of the coil). 

In this case, however^ the effective resistance may often be reduced 
by the use of a wide copper strip or band in place of wire having a 
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circular section, or better yet, conductors made up of small, individually 
insulated twisted wires (or braids or bands woven out of such conductors), 
the thinness of the individual wires, the method of twisting and inter- 
weaving them and the form of the coil determining the resultant effective 
resistance. 

h. With coils wound in several layers a further loss due to dielectric 



Fia. C4. 


hyst,(!re.sis may Ix^ added. With alternating cuiTont a relatively high 
difference of potential exists between adjacsent layers, causing a cor- 
i-espondingly intense alternating electric field which may result in energy 
losses in the insulating material affected. For this reason and also be- 
( 5 aus(i th(!y otherwise teml to increase the energy losses, coils wound in 


several layera are not generally desirable. 

38. Coils having Variable Self-induc- 
tion. — a. Changes of the self-induction 
in large eteps arc most easily attained by 
varying the number of turns connected in 
circuit, say through the use of plug or clip 
contacts; thus in Fig. 55 the current enters 
through A and leaves the coil either at B or 
C or D. 




If the plug contact is at B, then the Fia. 55. 


Fia. 56. 


portion BD together with parts of the cur- 
rent circuit may constitute an oscillator which is directly coupled 
[Ai-t. 526] with the current circuit; the oscillations of this system may at 
times produce undesirable disturbances. Furthermore, losses may re- 
sult from eddy currents induced in the free portion {BD) through which 
flows the magnetic flux generated in the connected portion {AB ) . It is 
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therefore advisable to so choose coils that the free end, BD^ does nc 
become too long. 

Under no circumstances should the variation of the self-induction b 


obtained by short-circuiting a number of the 
turns BC, Fig. 56). Heavy currents 

would be induced in the short-circuited por- 
tion, causing a large energy loss. 

6. Self-induction variations in small steps 
may be obtained by the use of sliding con- 



Fig. 57. 



Fig. 58. 


tacts. Fig. 57 shows this method as applied to a cylindrical coil and Fif 
58 to a modification of this, the “ring coil.” The latter has the advai 
tage of enclosing practically all its lines of magnetic force, thereb 
minimizing eddy current losses in neighboring conductors and distui‘1 

ances in near-by circuits. Tli 
ring coil, however, involves groal c 
construction difficulties. 

Care must be taken witli coil 
of the form of Figs. 57 and 58 thn 
the sliding contact provides goo 
conductivity and that it docs no 
touch more than one wire at th 
same time, thereby short-circuil.iii 
the turn included between tluun. 

c. A uniformly gradual (dnuig 
of the self-induction is attainabh^ i 
a particularly simple manner wit 
flat coils (Fig. 59) which are pr( 
vided with a rotating arm, 2v, am 
a movable sliding contact, SC, fo 
this purpose. 

Cylindrical coils rhay also be s 
Fig. 69. arranged, in that the coil is rotate* 

about its axis, the turning causin 
a sliding contact to move up and down along its length as in the KoJu 
rausch bridge or by having the wire of the coil, which is bare and flexible 
wound and unwound to any desired extent on a bare metallic* cylinder o 
roll, as in the Wheatstone resistances. 




direction, and is a minimum when the coils are still parallel but carry the 
current in opposite directions. Another similar method is sketched in 
Kg. 61; the two cylinders shown are intended to be placed one inside of 
the other, one of them being turned on its axis; A widely used arrange-/ 
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ment is shown in Fig. 236 (Tblbpunken*) in which the middle one of tl 
three flat coils (marked “28” in Fig. 236) can be swung from side 
side.f 

A particularly elegant construction is found in the variometer devis( 
__ byR. Rbndahii^ (Telefunken). Tv 



Fig. 63. 


flat coils wound as shown in Fig. ( 
are mounted face to face on a commc 
axis (in Fig. 62 they are shown ne: 
to each other instead of face to face 



One of them turns on its axis. If it is turned so that those halves of tl 
two coils carrying the current in the same direction ai’e superimpose 
the coefficient of self-induction will be at its maximum. If turned 18i 

from this position, the coefficient of sel 
induction becomes a minimum. Tl 
advantage of this vai-ioineter lies in i 
compactness (Fig. 63 shows the mam 
factored instrument for heavy curren 
and rather high potentials) and in tl 
low stray magnetic field outside of tl 
coils; by alternate series and parall 
connection of the coils a veiy wide rauf 
in the self-induction can be obtained. 

39. Condensers of Constant Capai 
ity.« 2 — a. Plate Condensers . — Plate coi 
densers for large capacities with papt 
as the dielectric are adaptable only f< 
low voltages, unless a sufficient numb( 
are joined in series. Otherwise mic 
(Fig. 64) or glass plate condensers wit 
coatinp of tin-foil or thin sheet meti 
are used. Mica as the insulating mat( 

♦ “Telefunken” is the trade-name of the German Company of Wireless Tolei 
raphy^"Gese]lschaft fuer drahtlose Telegrafio, m.b.H.,” Berlin. 

t Translator’s Note: This is sometimes referred to as the “butterfly” type < 
variometer opil. 
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rial, in view of its very high rc^sistance and iis comparatively high di- 
electric constant, permits of very small dimensions'^ but causes quite heavy 
losses through dielectric hysteresis if the load is not kept very low. 

If the condenser losses are to be minimized, air or oil must be used as 



f 
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the insulating material. Two constructions of air condensers are shown 
in Fig. 05 (Giiomo) and Fig. 00 (F. Hutu) respectively. A somewhat 
dilTorent arrangement is shown diagrammatically in Fig. 67 for an oil 
condenser as designed by J. A. I^'lemino. With air condensers great care 
must, be taken that the advantage', of practically no 
enei'gy dissipation is not los(. by leakage diseduu'ge^ 

(of the first kind described in [Art. 14a]) or poor in- 
sulation of the non-conducting parts which serve 
to hold the plates in position. It is advisable to 
enclose these condensers in containers of glass or 
the like and to dry the air within thoroughly by 
means of metallic sodium. 

An air condenser for high pressures (compressed 
air condenser) as built by the National Electric Sig- 
nalling Co,, at the suggestion of li. A. Fessenden 
is represented in Figs. 68 and 69. (See h for the ad- 
vantages of compressed air.) 

6. Cylindrical condensers. 

The best-known form of cylindrical condenser, the Leyden (also the 

* The dimensions of a mica condenser for a breakdown potential of 1000-1600 
volts for example are 26 X 64 X 8 mm. for about 0.01 MF., 26 X 64 X 14 mm. for 
about 0.2 MF. (C. Lorenz). 
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Kleit) jar, has glass for its dielectric. Glass is chosen in view of its 
low (dielectric) hysteresis losses and its low conductivity, while the form 
of the jar is chosen on account of its low leakage discharge [Art. 86], 
In this connection a long narrow form of jar is always the most ad- 
vantageous (note the batteiy of jars, as built by Tblbfunkbn, in Fig. 
70). 

The Leyden jars of J. Moscicki* (Fig. 71) in which the upper ends are 
made naiTower and heavier than the main body (Fig. 72) are particularly 



Fig. os. Fio. 69. 


effective in minimizing the leakage discharge. The thickening of the 
glass at the top also increases the breakdown voltage as experience has 
shown that Leyden jars mostly break down at the top edge of the coatings. 

The construction of these jars is evident from Fig. 72, in which Pi 
and Pi are the terminals of the two coatings, L is a metal tube, 6 is a 
rubber stopper and / is a poroclain insulator. The coating consists of 
a thin layer of silver chemically deposited and covered by a thicker 

* Manufactured by Messrs. Wohulebun & Wbbbk, in Saarbrtlcken, from whoso 
descriptive pamphlets Figs. 71 and 72a and 5 are taken.** 
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layer of copper. The jars arc filled with a mixture of distilled water 
and glycerine having a low freezing point and serving to secure a good 
contact between the terminal Pi and the inner coating. This also pre- 
vents a too rapid heating of the jar. 

Another method for raising the breakdown voltage and minimizing 



70. Pio. 73. 


the effect of leakage! discharge is shown in Fig. 73 (Allgemeine Elektri- 
zitatsgescllschaft). The dielectric is split into two parts at the top, the 
outer part being bent out like an umbrella. 

For purpose.s requiring particularly low energy loss the, very handy 
co7npres,y!d gan eo^idenscrs iis designed by M. Wibn’''^ are very conven- 
ient. Their design is shown in Fig. 74. The use of carbonic acid gas, 
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complished by varying the relative position of the two coatings or a 
ducting plates. This form of condenser was probably fiivst iiitroduc 
into radio practice by A. K6psEL®^^in the form represented by Fig. 1 

The conducting elements are ina 
up of sets of semicircular plates 
discs of which one is stationary a: 
the other rotated into the spa( 
between the plates of the forini 
A pointer moving over a circuil 
scale (see Fig. 77) indicates tlie }: 
sition of the movable elcnnent. T 
first form of this type of conden^ 
built by Telefunken is showii 
Fig, 78. They arc now made 1 
many firms. For instance, Fig. 
shows a construction developed 1 
C. Loeenz, Fig. 80 represents a precision condenser of G. Seibt, ai 
Figs. 81 and 82 show an arrangement with vertical plates iiukIo ] 
C. Loeenz. The latter is said *to allow of a better circulation of t 



Tig. 8X. 




Fio. 82 . 

oil and to prevent air bubbles from collecting on the plates. The cbi 
denser plates as made by H. Boas (Fig. 83) are also vertical, but cylii 
drical in shape. 




THE HIGH FREQUENCY ALT ERN AT I NO -CURRENT CIRCUIT 61 


The desire to combine maximum capacity with minimum space 
underlies the design of Fig. 84, C. Lorenz. It consists of a combination 
of two (or throe) condensers of the form of Fig. 77 in such manner that 
the two movable sections g and h occupy a common space in one position. 



¥w. SS. 

The problem of minimizing spacic is solved with particular nicety in 
the condensers of the Ma-rconi (U). Tln^se also have the movable section 
made up of seinicarc.ulai* plates, similar to those of Fig. 77, but differ 





in having two daiiomtry (yljAo, Fig. 85) and two rotating Fig. 

85) sections arrangcul as shown. One stationary and one rotating 
set, say and /ii,aro connected to one terminal, while the others, 
and iJa, are joined to the other polo. Then the capacity is greatest 


62 


WIRELESS TELEGRAPHY 


when Bi entirely covers covering At. This capacity, for the same 

total volume occupied and the same distance between plates, is double 
that of a similar condenser having only one stationary and one movable 
section of plates. 

2. CURRENT AND VOLTAGE 


41. Relation between Current and Voltage Amplitudes. — a, For 
undamped sinusoidal oscillations the relation is given by 



in which R and L are the resistance and co- 
eiBBcient of self-induction respectively of the 
circuit whose end-points have a difference of 
potential Vo. 

Tor damped oscillations within the limits 
encountered in practice, this relation also 
holds approximately. It assumes an even 
simpler form for all wire circuits, unless these 
consist of particularly thin wires of low con- 
ductivity, as in these the inductance, in view 
of the high frequencies customary in radio 
practice, increases much more rapidly than 
the resistance, We may therefore write ap- 
proximately: 



b. If a current I (Fig. 86) divides itself into two paths one having a 
resistance JBi and a coefficient of self-induction ii, the constants of the 
other being R^ and L 2 , then we have for the ratio of the currents Ji and 
in each of the parallel paths 

hs = ha = t 

ii,// -i- (wii)® 

If both branches are made of fairly heavy wire, then the lower the 
resistance is in. comparison to the inductance, the more nearly accurate 
will be the approximate relation 

lu _ Iicj/ _ Bj 

I20 hc/j Li 

so that the splitting of the current depends not upon the resistance but 
upon the coefficients of self-induction of the branches. 

* i.e.f d is much less than 2ir. 

t It is assumed that the two branduis do not affc(5t each other inductively. 
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The two branches may be intentionally so adjusted that the resistance 
of one of them, say 72i, is much greater than its self-induction while the 
reverse is true of the other branch. We then have; 

lu I'ie/r 

This gives a simple measure of cj and the frequency N* from the ratio of 
the branch currents. 

It has been frequently suggested to make use of this relation for 
measuring the frequency by noting the current indicated by ammeters, Ai 
and A 2 ) in each branch circuit. This scheme is very neatly carried out in 


UT 



Ferui:6^s ‘‘frequency-meter,” whi(!li givers readings of the 

frequency.*^- 

The two ammeters arc so arranged that their pointers and j4. 2^2 
(Fig. 87) cross each other. At a given frequency, A', for any deflection, 
aif of the pointer of Ai only one definite deflection, a 2 , of the other 
instrument, A 2 , will correspond, so that the pointers will intersect at a 
definite point. For another current of the same frequency passing 
through the system, other deflections, /3i and (dotted lines in Fig. 87), 
and another definite point of intersection correspond. By thus varying 
the current at a constant frequency, the successive points of intersection 
develop a curve (7 in Fig. 87) which geometrically locates the frequency 
A on the face of the instrument. By repeating this process with other 
frequencies, individual curves (II, III, etc., Fig. 87) are obtained for each 
frequency. These curves once determined to measure - an unknown 

The same in fact is true of the more general equation (3). 
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frequency it is only necessary to observe on which curve the iiiHtrunuuit 
pointers intersect, which will indicate the desired frequency. 

If one of the paths contains a coil of very high self-^inductiouj while tlu^ 
other path contains neither high self-induction nor high rcsLstanco, 
the oscillations will flow through the second path almost eniinfly. i 
first path is said to be ^'choked” (high frequency ^ choke coil”). 

c. In applying equation (2) to an entire condenser circuit (AFH, 
Fig. 1) the difference of potential between the coiidcns(M.' (coalings’’* 
must be taken for V and the coefficient of sclf-indu(dion of the (uii,ir(^ 
circuit substituted for L. 

If capacity is introduced in place of self-inductance, wo hav(^: 

Jo = (4) 

To illustrate the application of this formula, consider the c.ondenscM^ 
circuit formerly installed at the German station in Nauen wn). 

Its effective capacity was 0.44 MF., the frequency about 1.5 X 
With 60,000 terminal volts, we have 

Jo = 27r X 1.5 X 105 X 0.44 X 10“^5 ^ 60,000 C.G,S. units 
== approx. 2500 C,G,S. units = 25,000 amp. 

It should be noted that the current amplitude is very groat, from 
the standpoint of commercial light and power cii'cuits. 

d. Equation (4) holds in general for any condenser in the circuiil , if 
C is its capacity, V the potential difference of its coatings and I is 
current in the circuit. If the capacity C is very great, Vo l)e(ujnies v(‘ry 
small; in this case the condenser acts as a short cirmit for the ostdllalions, 
while it would offer an infinitely great resistance to a (lir(H)t (uin*('nl. 
It may therefore be used to block” or protect the circuit against a dii’(‘ct 
current without appreciably affecting the oscillations. 

42, The Breakdown Voltage and Gap Length.®^ — A given Vf)ll,ag’(^ 
7, say that existing across the plates of a condenser, may m<\‘isur(*<l 
by its ^^breakdown gap” i.e., the length of a gap in air or gas over whivh 
the voltage 7 would just discharge itself.f The relation IxvtwtHui tlu^ 
length of the gap and the breakdown potential depends on th(^ form 
of the electrodes (on their radius in case of sphei’cs), on the partiendar 
kind of gas in the gap as well as its condition, and the method of (charg- 
ing the electrodes, i.e., whether a static charge has beem suppli(ul l)y a 
friction or influence machine, or whether the charge is prodiKced by os- 
cillations or by an induction coil. 

*For several condensers in series this would he the sum of thc'ir i)ot(‘ntial 
differences. 

t This is also known under various other names suc-h as ^‘discharge voltage,*^ **rup- 
ture voltage,” and is also identical with the “ignition voltage,” F,, 3 neritioii(‘d in 
Art. 129. 
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а. The relation of gap length and breakdown voltage for air and 
static charges is given in Table IX. 

From these curves it will be noted that for short gaps the size of the 
electrode (radius of the sphere) has but little effect. Its importance in- 
creases, however, with each increase in gap length, so that with very 
small spheres the breakdown voltage increases only very slowly for 
increasing gap length, while with large spheres it n^mains in approxi- 
mate proportion to the gap length up to much greater distances. With 
plate or disc electrodes (Fig. 88) the relations are 
similar to those for spheres of very largo diameter. 

б. If the charge on the electrodes is produced 

by oscillations^ the relation between breakdown 
potential and gap length is also affected by the fre- 
quency. The higher the freciuency, the higher 
is the voltage necessary to jump a gap of given Fuj. SS. 

length.*^'* 

This is due to the fat^t that wlion the voltage is r(^a(?hed jit which a 
discharges would finally oceair if this voltages wei*e maintained, ?\c., the 
normal hreakdown voltage (Ta!)le L\), the dis(fiiai*g(^ does not takci place 
immediate^ly and tlu^ voltage will hav(^ risen abovc^ th(^ normal dis- 
charges vahu^ at (he^ instant a.t which the> dise^harge actually takers place.* 
This pheme)memon is eaillenl “retardation” or “lag of the discharge” 
(E. WAHiunte})-*’*’ it plays an impe)rtant i)a.rt in wirele^ss te^le'graphy, 
as in raelie) ])rae*tice tlie> high pe)tential iisunhy e^xists e)nly for veny brief 
pen*ie)els (f?.e/., in iiuhie^i.ie)n ce)il inten-rupten’s, al ten’initing-euirreut transformcirs 
anel e^ve'ii me)i'e> so with high freupieney e)senllatie)us). The cause of 
this pheMie)meMK)n lie\s in the low numben* e)f ie)ns contaiiuMl by the gas in 
the> ga]). Its e)eauirreaieu^ can be^ prewemteul by pre)vi(ling a suflienent 
eiuantity e)f ie)ns in the^ gas. This is nie)st (Misily att.aineul by subjeuiting 
the^ ne>gative^ e^leud-rexle^ (l)e)th (^leMitre)ele^s in the^ eaisei of alt-ernating-current 
e)pen*atie)n) te) ultravie)l(^t light, there^hy iiulueung the emission e)f negative 
elee*,trons. This methe)d is advisable^ whenu^ven* it is inq^entant that the 
spark dise^harge e)ccur always at the same potexitial. In fact, if properly 
applied e‘V(m for radio frequeuuiie^s the bre^akdown vefitages and gaps 
will be practically the same as for static charging, and the values of 
Table IX may be applied without appreciable error.^*'’* 

c, Tlui discharge voltage is reduced under the conditions encountered 
in radio pra(?tice by heating the electrodes, in fact by any strong ioni- 
zation of the gas. In practice ionization is usually produced by im- 
mediately preceding discharges. If a number of spark discharges are 
passed over a gap in rapid succession, the voltage may be reduced very 
considerably from that required for the initial discharge. 

The breakdown potential may be increased by raising the pressure 

* Apparently the pheuomeiaou described in c is also due to this condition. 

6 




66 


WIRBLEBS TELEGRAPHY 


above atmospheric. Up to about 10 atmospheres the discharge voltage 
is approximately proportional to the pressure [see Art. 39&]. 

The breakdown potential is not much different for various gases 
such as air, nitrogen, oxygen, carbon dioxide, etc. However, it is only 
about one-half as great for hydrogen as for those mentioned, and much 
lower still for helium and argon. 

d. So-called ‘‘micrometer gaps’* as illustrated in Fig. 89 serve for 
measuring the breakdown gap, KiK^ are the spherical electrodes, OiG^ 
good insulators of glass or, better yet, porcelain, 8i ii micrometer screw, 
S 2 the lever head of a set screw, not otherwise visible in the illustration. 
If is loosened the electrode on the loft can be moved away from or 
neai'er to the other ole(*trode, while the micrometer screw, Su serves for 
the fine adjustments. 



Fig. 80. 


The radius of the spheres Kj and Kz should bo chosen at least as 
great as the gap length being nieasured. Moreover, the fiedd l.)etween the 
electrodes must not be tUsturbed hy any conductors iti its viednity if 
results for general comparison are desired and the values of Table IX 
are to be used. 

43. Insulation of Conductors. — a. In view of th(5 high voltages which 
occur when working with damped oscillations, there is often great danger 
of a spark discharge between two points of the circuit. Hence the con- 
ducting circuit must be carefully insulated against spai'k discharges. For 
example, if a spark jumps across from A to B in the condenser circuit 
shown in Fig. 90, practically the entire current will flow via AFiB, 
as this path offers a much lower impedance than the path ADB, and 
thus the entire oscillation will be changed. 

b. On the other hand, insulation against current losses in circuits 
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charged by damped oscillations is not so essential®^ as it is for high tension 
direct current or commercial alternating current or even for undamped 
high frequency current. 

For instance, if A and B in Fig. 90 were joined by a poor insulator, say 
a wooden strip, this would not perceptibly impair the oscillations, in 
spite of the high voltage developed between A and 5, for the length of 
time during which the potential between A and B is at all high is so short 
for dainixul oscillalions of such d(uu-ements as come into question in 
practicio tliat the loss acjross the strip of wood l)ecomes very small — 
unless the number of dis(^harg(\s ])er se(?ond is 
(^xtrcnu^ly great. 

Neverthelc^ss, to insun^ against unnoc(\ssary 
energy lessens the Ixnst insulating materials 
(porcelain and, second in rank, oil and hard 
rubber) should alwtiys lu^ used. 

c. All parts subjt'cted to high voltage's 
from the induction (X)i] or transfornn'r must 
be insulated witli tlu' gn'jih'st cai’e, otlu'rwisc^ 
very heavy lossc's may r(*sult.‘’‘'^ In (circuits 
having S(W(*ral comk'iisc'rs in s(‘ri(*s, only (h(‘ 
portions F(\ and (Fig. 11) recpiin^ lu'jivy 
insulation; but if there is only oiu* comh'usi'i- 
or there are sev(n*.‘il in pM.rall('l in tln^ circuit, 
then the entin^ cirtuiit r(*(]uir('s can'ful insulation. In this respect the 
connec^tion of e()nd(‘ns(M‘s in s(M’ies may t\i tinu'S otTer a considerable 
advantage. 

3. MEASUREMENT OF CURRENT 

44, The Indications of Hot-wire Instruments. ~a. Undei* hot-wire 
instruments, in the broadcast s('ns(', should lu^ undcu'stood those instru- 
ments whos(^ defi(x*t ion is eauscxl by the devc'lopnu'iit of heat due to the 
current passing througli a wire. 

The (hdlection of siu'.h an instrument is a. measure of the average 
(piantity of heat, developed p('rs(Ma)nd. Ingeneral, the heatdeveloped 
per second in a wire of effectives revsistance R is 

Q = JH\ff ( 1 ) 

in which Pe// is the nuain value of the current effect,**® 

For undamped sinusoidal oscillations 

so that ^ 1 nr 2 

Q = 

* The defloctiori need not be propirriional to Q, but is approximately so in most 

instruments. 


To Induction Coil 
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For damped oscillations whose amplitude curve is of the exponential 
form, the heat developed during one dischai-ge 


= R 


If then there arc f discharges per second, the total quantity of heat 
developed in 1 second 


Q = R 



(3) 


Comparing this with equation (1) we obtain 




(4) 


For damped osdllaiions whose amplitude curve is a straight Kne'^^ 


P 



(5) 


in which a is the lineal decrement [Art. 9a]. 

h. As the effective resistance, i?, of a wire depends on the frequency, 
the same is true of the indications of hot-wire instruments. These, 
however, can be made independent of the frequency (also usually making 
calibration with direct current possible at the same time) by the use of 
very thin wires [Art. 366] whose diameter is less than that given in 
Table VIII.* 

c. A hot-wire instrument calibrated with direct current gives direct 
readings for the current amplitudes of undamped oscillations, if tlu^ lalter 
arc approximately sinusoidal [equation (2)]. 

This is not the case with damped oscillations, as lioro not only i\\c. 
current amplitude but also the decrement, d, the fnupiency, A, and ilu^ 
number of discharges per second, f, enter as factors [equation (8)]. Only 
when these are known is it possible to (^ahmlate the current amplitudes 
from the indication of a hot-wire instrument. 

d, A method for determining the frecpiency and the decrement for 
the case of exponential decr(;ase of the amplitude will b(^ given later 
[Art. 74, et seq.]. The number of discharges per second, when using 
induction coils or some form of motor-driven interrupter, is easily de- 
termined from the speed, on condition that each interruption corresponds 
to only one discharge, so that the number of interruptions and the 
number of discharges are identic-al. The same relation holds between th(i 
number of alternations and the number of discharges when operating 
with alternating current. In general, the number of discharges and the 
number of interruptions (or of alternations) are not identical. If the 

* The instrument’s indepenclenco of the froquoncy is again destroyed as soon as 
a shunt is connected to the instrument for adjusting its sensibility, 
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primary current is sufficiently strong, each interruption (or each half 
period of alternating current) will be accompanied by several ‘‘partial 
discharges” or “partial sparks.” Whether or not this is occurring is 
easily determined by observing the spark imago in a rotating mirror. 
If this appears as shown in the photograph reproduced in Fig. 91, there 

\ 1 ^ 

Fid. 01, 

are no partial disiihargcs, while, an image as shown in Fig. 92 indicates 
IIk’i presence of partial discharges. 

If the image of the spark gap in a rotating mirror is photographed, 

n\ \v\ V 

Fk;. \) 2 . 

then the number of discharges per sec^ond can be calculated from the 
distance between the succ(\ssive imag(\s on the photograph, the spewed of 
tlie mirror and the dinuMisions of the outfit. If the spark itself is in- 
visible, an oscillograph (with incandc^siunit- lamp) or a Braun tiilx^ can be 
used in conjun(^tion with a rotating mirror to 
count th(^ dis(^harge fr(^qiien(\y. A more conv(*n- 
i(mt indic^ator for t-his purposes is tlu^ {Ifschanjc 
annlyzcr'\ of J. A. Fliomino, which consists of 
a (rWissLKH (helium or luxin) tube attai^Iunl to 
the armature of a small motor. 

F"ig. 93 shows tln^ (?onstru(9don, Fig. 94 a 
finished instrument, as made by Ck Loiuonz. If 
th(\ two hn'ininals J\ and are respec, lively 
(X)nn(Hded to two points of a coiuhuiser circaiit 
or other oscillator, a high fn^quenny current will 
pass through the helium tube (r/, Fig. 93 if) which 
lights at each discharge. Th(^ speed of the motor Fio. 93. 

is n^gulated to a point at which the image of 

the tube appears stationary to the eye. If it appears as shown in Fig. 
95, it follows that there are four discharges during every complete revo- 

* With a little practice this can also be detcrinined from the sound of the spark, 
which for partial discharges tends to become hissing rather than crackling. 

t Also frequently called '‘oscillation analyzer.” 

} The metal rings m and n form the electrodes of a condenser, the rings k and i 
■ forming another. The tube is connected between these two. 
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lution of the motor,®*® while if it has the appoai'ancc of hig. 06, tlioie 
are four groups of three partial discharges each per revolution. 



Firi. 0-1. 





Another simple and convenient method is that sketched in Fig. 97.'* 
On the shaft of a small motor a photographic plate or film, P, is at 
tached. Very near to this is a metallic point, S, which is conductivel; 
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connected to a point of the oscillator and is quickly moved across the 
plate by means of the handle U, Each oscillation is accompanied by a 
discharge between the point S and the plate, which, when developed, 
shows a series of dark points arranged on a spiral, each point represent- 
ing a discharge. From these points, knowing the speed of the motor, 
the number of discharges per second is easily obtained, independently 
of the velocity at which 8 is moved over P. 

46. Commercial Hot-wire Instruments. — Some hot-wire ammeters 
may be used for high frequency oscillations, without any shunt. It 
is preferable, however, to use instruments especially made for high fre- 
quency currents, as those, for instance, of Hartmann and Braun 
(Frankfort A. M., Bockenheim, Germany). 

The typo shown in Fig. 98 is intended for heavy currents, that 



Vw. \)H. Fia. 99. 

shown in Fig. 99 being (k^sigiKul for a minimum energy consumption. 
The scale of the former gives the value of /«// in amper(\s, while the latter 
indicates the energy used in th(i insti'ument in watts, which is pjupor- 
tional to /V/* Id tlie lat(ist and most sensitive instruments of this 
type, the energy consumed amounts to only about 0.015 watt. 

46. The Hot-wire Air Thermometer. — The air thermometer or hot- 
wire air thermometer devised by Riess (Figs. 100 and 101) and brought 
into radio practice by P. Braun is a particularly simple laboratory 
instrument. It consists of a glass cylinder provided with an alcohol 
manometer and a glass stopcock, by means of which the difference be- 
tween the pressure within and the outside atmospheric pressure can be 

* This is not a sufficient excuse for the common misnomer of ^‘hot-wire wattmeter'^ 
so frequently applied to this instrument. 
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equalized. The hot wire, H, is at the bottom of the glass cylinder,’’^ be- 
tween two heavy entrance wires which are led in through a stopper, 
the glass cylinder usually being surrounded by a vacuum chamber and 
sometimes in addition by a silver coating. Current passing through H 
heats this and also the air in the glass cylinder, causing an increase in 
the pressure, which is indicated by the manometer. These instru- 
ments are best calibrated with direct current. 

47. Bolometer, Barretter.^^^ — The hot wire, v), in Fig. 102 is con- 
nected as one arm of a Wheatstone Bridge^ 
which is adjusted until no current flows 
through the galvanometer, g. If now we send 
an alternating current, i, through w {AB)^ 
fo this wire becomes hot and its resistance in- 
^ creases, and the galvanometer deflection caused 
thereby is pretty nearly in exact proportion 
6 to the current effect of L 

A somewhat different arrangement of this 
device, which is called a bolometer, is shown 
z in Fig. 103. The branches 'pgvs and piQinsi 
which replace w and c in Fig- 102, respectively, 
are made of thin iron or platinum wire and as 
o nearly alike as possible, and the arms pgr and 
.S' are so equalized that if direct current is ap- 
plied at E and F, the galvanometer g shows 
^ no deflection, so that the points C and D have 
the same potential with direct current. 

This arrangement has the following advan- 
tages: (1) The bolometer is less affected by 
variations in thc^ room temperature, as pqrs 
and ^hQiTiSi are subjected to th(!! same influ- 
ence; (2) at most, only a very small portion of 
the alternating current led in through A and 
B flows into the other circuits of the bridge or into the galvanometer,* 
as the points C and D remain at practically equal potential even with a 
variable current. 

On the other hand, the simpler arrangement shown in Pig. 102 has 
the advantage that the hot wire can easily l)c put into a vacuum in a 
glass tube. This greatly reduces the heat lost by convection, consider- 
ably increasing the sensitiveness (Fessendisn, Tissot). Similarly, the 
use of extremely thin wires in this arrangement is advantageous as com- 
pared to the method of Pig. 103. This also tOnds toward high sensi- 
tiveness. The calibration curve shown in Fig. 104 is that of a bolometer 

* Choke coils must be connected at each end of the hot wire for this purpose in 
the arrangement of Fig. 102. 
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of Bela Gati/'^ having a gold wire*** of 0.002 to 0.003 inin. diani., whiles 
a bolometer with a 0.0005 platinum wire gave a deflection of ten sealer 
divisions for 0.034 inilliampere, with the same galvanometer. B. S. 



was a])lo to measure currents as low as 5 X I0~’* * milliamp(u*(\s 
by means of a carbon filament in a vacmuin. 




* Galvanometer - movable coil galvanometer, direct reading; one scale division = 

1 X10“® amp. B]6 la G ATI makes use of a special co7npensatio7imethod of conneciion 

instead of the complete bridge arrangement. Using a single pivot galvanometer 
made by Paul (London) (I*’ = 1 X 10“^ amp.) he obtained a deflection of 5° at 0.001 
milliampere with the 0.0005 mm. platinum bolometer. 
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48 . Thermoelement^^* or Thermocouple. — a. Klemen&o adopted 
the form illustrated in Fig. 105 *^ for the thermoelements used in the 


measurement of electric oscillations. 



Fig. 104. 


A and B are thick wires through 
which the oscillations are led in, 
while the wires c and d connect to 
a galvanometer. aia2 and &1&2 are 
very thin wires of diiferent mate- 
rial eonstantan and iron or 



Fig. 105. 


eonstantan and platinum). If oscillations pass through the wires AB, 
the wires 61^2 become heated as do also the points of contact of the 
wires aia2 and 6162, the heat developed at these points of contact being 




greater than at the soldered points aiC and Ind. This uneven heating 
produces a thermoelectric EMF and a deflection of tho galvanometer. 

* Greatly enlarged. 
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6. The sensitiveness of these thennooleinents is grcuiiJy iiujrensetl 
by enclosing them in a high vacwanij as sliown by P. JjionKDJOW. IP 
Brandes^® has designed a very simple eonstru(dion for this, shown in 
Fig. 107, while Fig. 106 shows a diagrammatic cross-section througli two 
of the four wires.* 

A particularly good thermoelement is ol)tain(Hl l)y the combination 
of tellurium with constantaii or tellurium witli jilatinum (say a thin 
platinum wire sweated on to a small ball of tellurium) (L, W. AirsTiiv).^^’ 
c. An advantage of the thermoelement as coinparc'd to th(^ bolonu^ter 
is that no auxiliary cell (c, Fig. 103) and no equal- 


izing of the bridge are necessary. 

Both l^olomcter and thermoeleitieut require only 
a very small amount of heat and hence only a very 
small amount of energy to produ(^e a considcniiblo 
deflection, particularly if a highly scMisitive galvan- 
ometer is used, wherein lies theii- great Jid vantage 
over hot-wire air thermometers oi’ ihe (^oinmercnal 
hot-wire instruments. For many purposes v(uy 
convenient direct-rciuling niovabh^ (^oil giilvnnom- 
eters arc sufficient; however, if mc^asurenienls lu'cc's- 
sitating the lowest ])()ssible energy consumption an^ 
to be made, a good mirror galvanoniek'r, not loo 
('xtremcly damped, is more suitable. 

(Calibration of these is best obtained wiUi iill.(‘r- 
nating current and an electrodynamic precision volt- 
meter without a multiplier. 

49. The Thermogalvanometer. — Therc^ is oih' in- 
strument even more sensitive tluin eitlier (he thm- 
ino(dement or the l)olonieter of usual design, viz., 
the ihcrmogalvanovwicr^ (!onstru(d-ed by H. Dun- 
i)ELL^® following an arrangement of (h V. Bovs for 



measurements with high frequency os(ulhitions. 


The principle is as follows: Ih^twcuni tlu^ poles N and (.h'ig. 108) 
of a horseshoe magnet a movable wire frame L is suspendc^d simihirly 
to a movable coil galvanometer. A thermoc^ouple (a.ntimony-bismu(;h) 
is attached at the lower end of the suspendcMl franu^, giving a very high 
EMF. At one junction point a hot wire or thin strip of gold-leaf or strip 
of a platinum mirror on glass is attached, through wliich the oscillations 


are passed. This heats the strip and thereby also the junction point, 
producing an EMF and a current in the frame. T*he latter is th(n*eby 


* Thermoelements and bolometers arc disadvantagooius when a vacuum is us(b(l, 
in that they cannot be repaired when they burn out, which occurs frequently as it 
is difficult to provide reliable fuses. When no vacuum is used, it is a simple matter 
to replace the burned wire. 
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deflected just as in a movable coil galvaiiomot(3r, a mirror and scal<5 
serving to measure the deflection. 

Fig. 109 illustrates a construction of such an instrument* said to bo 
characterized not only by its sensitiveness, but also by its convenience. 

W. Gerlach^^ has devised an arrangement similar to the thermogal- 
vanometer, having the highly sensitive thermocouple, which is acted 
upon by the hot-wire strip, connected to a separate sensitive galvanometer. 

60. Comparison of the Sensitiveness of Various Measuring Instru- 
ments.'^^ — The following table gives the energy consumption at a deflec- 



Fig. 109. 


tion of 100 mm. or 100 scale divisions for various instruments, this 
serving as a measure of their sensitiveness. This, however, is not by any 
means a measure of their practical usefulness, which depends on quite 
other properties. 

61. Measurement of Very Small Currents.*^® — For the measurement 
of very small currents the various detectors discussed later {e,g.j galena- 

* As made by the Cambridge vScientific Instrument Co. Pigs. 108 and 109 are 
taken from a pamphlet issued by this company. 
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1 Tests in tlie Physit, Institut Braunschweig (for form of the instrument see Fig. 88). - According to ^lessrs. Hartman and Braun. ^ According to Mr. Bela 

G&ti: Bridge current 0.02 amp. (see Art. 47). ^ Tests in th:? Physik. Institut Braunschweig: Bridge current 0.09 amp., current in bolometer wire 0.04 amp. 

s With mirror readings a distance of 1 m. from the scale is assumed throughout. ®E.T.Z., 1906, p. 467. ’Tests in the Phj-sik, Institut Braunschweig. ®As 
constructed by the Cambridge Scientific Instrument Co„ according to their pamphlet. 
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graphite [Art. 150], or red zinc oxide-copper pyrites [Art. 160], or the 
audion detector [Art. 161c]) can be used to advantage. 

They are used in connection with a galvanometer (arranged for 
instance as shown in Fig. 375 in the circuit ^ 826 ", by substituting the 
galvanometer for the telephone) or with a telephone (as in Fig. 375). In 
the first case the galvanometer deflection gives a direct measure of the 
alternating current* passed through the circuit, while in the second case 
there are two methods for arriving at the current value.* 

Either an adjustable resistance is connected in parallel to the telephone 
and varied until the sound heard in the telephone becomes just audible — 
the smaller the resistance necessary, the greater is the alternating current 
measured — (the so-called parallel-resistance^^ method), or the unknown 
alternating current is caused to induce current through an adjustable 
coupling [Art. 54] in a circuit containing the detector and telephone — 
the looser the coupling for a just disappearing sound, the greater is the 
measured current. 

Such devices must always be calibrated before being used, and even 
then are adapted for accurate measurements only if -the detector can be 
relied upon for entirely constant action. Their great advantage, however, 
lies in that their sensitiveness is of quite another order^® than that of the 
apparatus described in Arts, 47--49. 

* That is, the effective current value, when thormodetectorH arc used. 
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COUPLED CIRCUITS 
1. COUPLING IN GENERAL 

52. Magnetic, Galvanic, Electric Coupling. — Two electromagnetic 
systems (oscillators or closed current circuits) are said to be ‘‘coupled’’ 
if they are so arranged that oscillations in one of the systems always 
cause oscillations in the other. That system or circuit in which the 
energy is first supplied, say from an induction coil or similar source, is 
called the “primary circuit,” the other being called the “secondary 
circuit.” 

a. Mag7ietic or Inductive Coupling . — In this case the mutual action 
of tlie two systems is procured only through their magnetic field: mutual 
induction* of the two circuits. Fig. 110 illustrates a case of this kind 



for two con(l(ins(M’ (^ircunts; th(^ brac^ket ])etwoen the two coils AS is in- 
tended to indicate, here and in following diagrams, tliat the coils are 
mu tual ly i n d lu; ti v(‘ . 

h. Galvanic or ('onduclwe Coupling . — In I^'ig. Ill, which shows a case 
of this kind, tlie ])arts drawn in Iieavy lines may be considered as con- 
stituting the pi’imary (urcuit, while the fainter lines together with the 
coil S form the secondary system; the coil H is therefore common to 
both circuits. The a-rrangement of Idg. Ill may be conceived as having 
been developed from that of Fig. 110 by first winding the two coils 
S of Fig. 110 next to each other on a common core, as illustrated by 
the coils Si and of Pig. 112, and finally superimposing them until 
they become a single winding. It is evident that in this case there is a 
magnetic coupling of the two circuits just as there is in Fig. 110 — the 

* For the electromotive forces En and Eiz induced in I by the secondary circuit 
and in 11 by the primary circuit, we have, as is well-known: 

Eii^ - X Ei^^ - wZ/2^ X 
79 
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current h in the primary circuit produces a magnetic flux in the coil S, 
which flux in turn induces an EMF in the secondary circuit which also 
contains S. 

However to the magnetic coupling there is here added another kind 
of coupling. Even if S in Fig. Ill were a non-inductive electrolytic) 
resistance and both circuits were so arranged that absolutely none of tlu', 
magnetic lines of force of one could pass through the other (that is their 
mutual inductance were ^ero), there would nevertheless exist a coupling 
of the two circuits. The current in the primary circuit would cause a 
difference of potential between the ends of S which would in turn causci a 
current to flow in the secondary circuit. This kind of coupling is callctl 
“galvanic^’ or ‘‘conductive.’’ 

Fig. Ill therefore illustrates a combination of 7m(j'netic and galvmiic 
coupling^ which is frequently referred to as “direct coupling.”®^ 




Fig. 112. ' 


In this case to the electromotive forces En and Ei 2 prodin^od in Iho 
primary and secondary circuits by their magnetic coupling tlun-e an^ 
added the electromotive forces Egi and Ey 2 caused by their galvanic 
coupling, the various values being 

Eyi^ = Eii^ — cdL X 1 2^ 

= Rh;, Ei2^ = coL X /,„ 

{R and L are the effective resistance and coefficient of self-induction of 
the coil S in Fig. HI). It follows that 

, Ro2^ R 

i.e.y the ratio of the amplitudes of the electromotive forces duo to magnetic 
coupling to those due to galvanic coupling is equal to the ratio of tlu^ 
inductance of the coil S to its resistance. However, according to Art, 
41a, the inductance of wire circuits (such as are genei’ally used in radio- 
telegraphy), if not made of extremely thin or very poorly conducting 
wires, is usually much greater than the resistance. 

Hence in. all practical cases of importance involving a combined 
magnetic and galvanic (direct)' coupling, the effect of the magnetic coup-^ 
ling only need be considered. The connections shown in Fig. Ill may 
therefore be considered as practically identical with those of Fig. 110.®^ 
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c. Electric or Capacity Coupling , mutual effect of the two condenser 
circuits in Fig. 113 is brought about by the electric field between the con- 
denser f)latcs. As soon as an electric field exists between the plates of Ci, 
a difference of potential is produced between the plates of C^. Oscilla- 
tions in the primary circuit therefore necessarily cause oscillations in the 
secondary. 



Variations of the arrangement of l^'ig. 113 arc shown in Figs. 114 and 
115, which also have ele(^tric coupling. Here, as in all pra{^tical (^ascss, 
the electrical coupling consists in having one (Fig. 115) or several (Fig. 
114) condensers common to both circuits (‘‘capacity” coupling). 

53. Loose and Close Coupling. — a. Any c()ui)liiig bc^tween two 
circuits involv(\s not only an action or (^ffe(;t 
To Induction Coil Qf primary upon the secondary, but also 

a reaction of tlu^ S(uu)n(lary U])on tJic primary 
cinuiit. If th(^ reaction is so slight as to liave 
very little effeud upon tlu^ oscillations in th(^ 
])riinary circuit, th<^ (coupling is said to be 




“loose,” or if the reaction is not noticeable the coupling is said to be 
“extremely loose,” If th(^ n^actiou is very marked, we speak of a 
“close coupling.” A magnetic coupling becomes looser, the farther 
apart the two circuits are brought, other things remaining equal; a com- 
bined magnetic and galvanic (direct) coupling becomes looser, the more 
the portion common to the two circuits is reduced. 

0 
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&. To a certain extent* the “Coefficient of Coupling” gives a measur 
of the extent of a magnetic coupling. 

; ' ' ' If both primary and secondary circuit have quasi-stationary curreo 
* (two condenser circuits or one condenser circuit and one open osciUalx)i 
in which the current amplitude is practically the same throughout), the 
the coefficient of coupling 



LaU X La2i 


LiLi 



in which the coefficient of mutual induction La^d practi(^all, 

the same value as for slowly changing currents. 

If the current amplitude varies along different points of one of th 
circuits, then 

jr — / I/iaL gt __ Lia 

^ \ lS' 


Here Li and L 2 are the respective effective coefficients of self-indiK^tio 
and Lig and L 21 are respectively the “effective coefficients of mutu£ 
induction.” The value of the latter depends on 
the distribution of the current and on the point 
or portion at which the circuits are coupled, f 
The difference between or and Ls la or 
ha 2 x (for quasi-stationary currents) becomes less 
as the point of coupling comes nearer to the 
current anti-node and as the 
curi'cnt distribution becomes 
more even. 

64, Methods of Coupling. 

— a. Direct coupling is usually 
obtained by tapping off the 
secondary from a portion CD 
(Fig. 116) of a coil AB in the 
primary circuit or vice ycr.s'a. 

If either or both the taps at 
C and D arc clips or sliding contacts, the coefficient of coupling can b 
varied in steps or continuously. 

b. For magnetic coupling, the well-known Tesla transfornuu’, 
consisting of two concentric cylindrical coils (Fig. 117) was foi'iiun*!; 
in general use. If one of the coils is movable (the outer coil in Fig. 117 






* See foot-note to Art. 6<Sa. 

t If the current (listributioTi in one of the circiiitB is simiHoidal [Art. 1 S] 


- j. 2'jr.T 

Jjia = Jj2i — eos — 


in which X ia the distance of the point of coupling from th(v current anti-node and 
the wave-length of the oscillations. 
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a continuous variation of the coefficient of coupling may be obtained'. 
Two flat coils, movable toward or from each other, form another coup- 
ling arrangement, convenient for the laboratory. 
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(Telef unken) is shown in Fig. 118. The upper coil in the device shown 
in Fig. 119 (C. Lorenz) can be turned and displaced sideways at the 
same time. 


2. LOOSE COUPLING OF DAMPED OSCILLATING CIRCUITS 


65. Coupling of Oscillator to Closed Circuit — a. Assume an oscillator, 
e.g., the condenser circuit I, Fig. 120, to be very loosely coupled to a 
closed circuit (II, Fig. 120). Oscillations in the condenser circuit 
immediately induce oscillations of the same frequency and the same 
damping in the closed circuit The amplitude of the current in the 
closed circuit, however, instead of immediately starting at its maximum 
value must first rise up to its maximum, as shown for a particular 
case in Fig. 121.* 


To Induction Coil 

— 4 i- 

I 



Tig. 120. 



b. The arrangement of Fig. 120 finds frequent api)lication in practice 
or the connection of a measuring instrument in the closed circuit, in- 
tend of placing it directly in the oscillator- The requirements for cor- 
ect indication in such measurements are: 

1. Qi the heat developed in the instrument must be proportional to 
the heat which would be developed in the same instrument if the 

itter were connected in the oscillator itself, 

Q = AQ' 

2. The factor A must be independent of the frequency. f 

* Mathematically expressed the current induced in the closed circuit /a “ j} 

= time, resistance andL == coelf. of self-induction of the closed circuit), 
t The second condition is eliminated if the arrangement is used for measure- 
ents at a single frequency. 
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Both conditions are fulfilled, though at the exi^ense of the current 
amplitude, if the inductance of the closed 
circuit is made very large as compared 
to the resistance. 

c. If the coupling is loose, but not 
extremely loose, so that there is a slight 
but appreciable reaction upon the os- 
cillator, we are justified in concluding 
that the reaction causes an apparent 
reduction of the self-induction and an 
apparent increase of the resistance in 
the oscillator. According to Art. 3 and 
this results in increased frequency 
and decrement. 

For some purposes it is convenient 
to sul>stitut(^ an “equivalent resistaiuie^' 

Jif for the closed circuit, under the con- 
dition that RI'K/f {I = current in th(^ 
oscillator) is equal to the energy ti’ans- 
fcu'red from oscillator to tlu^ (closed 
(dr(!uit ])or second. H inci’(»as('s as tlu' 
coupling is made closer in the proportion 
R oc yv2 H3 

56' Extremely Loose Coupling of Two 
Oscillators (V. Bjeuknws*^*^). — a. In our 
c-oneeption of v(ny looser coupling, the 
ostdllations in the primary (‘ircniit remain 
pi'actic^ally unatTected l)y the (coupling 
with the secondary circuit. In tlu^ se(5- 
ondary there are prodiK^ed in general, 
two distinct oscillations: 

1. One having the same frequeiuy 
and damping as the oscillation of th(^ 

])rimary — the so-called “forced’’ or “im- 
pressed oscillation.” 

2. The other having the character- 
istic frequency and damping of the sec- 
ondary circuit — the “free” or “natural 
oscillation.” 

6. The miplitudes of both the forced 
and natural oscillations become a maxi- 
mum when the natural frequency of both 

primary and secondary circuits is the same, i.e., when the two circuits 
are “tuned” or “in resonance,” Then the forced and natural oscilla- 




86 


W1EBLES& TELEGRAPHY 


tions have the same frequency and may bo considered a*s (;onsi.itui;infi; 
a single oscillation. 

The amplitude curve of this single oscillation, assuming that tluit of the 
primary circuit is an exponential curve, is determined as follows. First 
the amplitude curve of the forced oscillation fwith the decrement d\) 
of the primary circuit (e.gr., the dash and dot exponential curve in J^'ig. 
122) is plotted, then the amplitude curve of the natui*al oscillation (witJi 
the decrement ^2) of the secondary circuit (e.g.j the full-line curves in 
Fig. 122) is plotted, starting the latter with the same initial amplitiuU^ 
as the former. Then the difference of these two curves (dashed line in 
Fig. 122) is the amphtude curve of the resultant oscillation.^*^’ 

In Fig. 122 di = 0.08 and ^2 = 0.02, while in Fig. 123 di == 0.08 and 
dz = 0.2. The former corresponds roughly to the coupling of a (con- 
denser circuit with spark gap to a condenser circuit without spark ga]) but. 
containing a measuring instrument of moderate sensitiveness. The otlu'r 
case corresponds approximately to the coupling of a condenser circuit 
with spark gap®® to a straight lineal oscillator. 



If the decrements of the two oscillations are widely diff event ^ the ainjdi- 
tude curve of the resultant oscillations quickly tends to become idcuifical 
with that of the oscillation having the lower damping; the n^sult, in 
short, is much the same as if the weakly damped oscillation aloiK^ (^xiHt(Ml 
It follows that: 

1. In case the primary has a much lower decrement than the seciond- 
ary circuit, the oscillations obtained in the secondary will be practi(;ally 
as slightly damped as those in the primary. 

2. In case the primary has a much higher decrement than the second- 
ary circuit, the oscillations obtained hi the latter arc as slightly damped as 
if only the slightly damped natural oscillations of the secondary wcri> 
present. The primary circuit simply serves to excite or set into motion 
the natural oscillations of the secondary. 

+n the construction of the amplitude curve given in h, it follows 

that the highest value which the amplitude of the resultant oseillation 
can m any case assume, the so-called "maximum amplitude” (/m.*), 
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can never be greater than the amplitude Jo of the impressed oscillation. 
For the latter with two cdrcuits having qiiasi-stationary* currents/^’ we 
liave : 


Jo 




aiul for the maxitnum amplitude: 


J max 



_dx 

Hi — 



67. Loose Coupling of Two Oscillators (M. — If the coupling 

is not extremely loose, yet sufficiently loose to make JC2< » 

a slight reaction becomes noticeable. C-onsequently there is a change 
in the damping of the two oscillations. The decrement of the more 
weakly damped oscillation is increased and that of the more highly 
damped oscillation is reduced, that is tlie two decrements come iiearcu* 
to (^ach otlier in value. 

Tlu' following are llu^ e(iuations for the mnv decrements and 
witli i)riniary circuits having no apark gap: 


d^ = (di + (Lz "k 27rA i) 

, 1 " - ~ (,l, + ils - 2iA',) 


AV =(■'■-/=)’ -A. 


or, as long as K is small as conipa,r(ul to 


ii / , tt-'A 




do - 


— d 
tt'-^Jv- 


do —• di 


3. CLOSE COUPLING OF TUNED, DAMPED OSCILLATING CIRCUITS 

68. Form of the Oscillations. — Assume two tuned os(;illators, say two 
condenser circuil-s, which before coupling had the frecpiency N and wave- 
length X aiul th(‘, r(^sp(Mdjve decrements di and do, to be coupled. The 
coupling is not made loose, so that in any case 



* For currents not quasi-statioiuiry L should be replaced by Lai in the equations 

for /() and I max, which latter are to bo understood as values at the current anti-nodes. 

t In the very unfavorable case of di = 0.08, da == 0,2, K must > 0.02 to meet 
this condition; for K > 0.1, IC becomes practically identical with K in all cases 
encountered in actual practice. 
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whence 

K'^ ^ >Q (I) 


Whenever the coupling is fairly close, is considerably groat(u* ilutn 
fd d \ ^ 

( '~ 2t / ’ quantity K' is not much different from tlu! coup- 


ling coefficient K. (See note f, p. 87.) 

Under these conditions there are in general two distinct oscillations 
the so-called “coupling oscillations” (“coupling waves”) i)rodu(i<'(| 
in both the primary and thesecondary circuit, 'h&ymgiwo dutinct frc(fiU!'iivivK, 
and and two distinct decrements, d^ and d^^. 

If, as heretofore, we use Ii and Fi to indicate cuiTout and voltage! in 
the primary circuit, I2 and Fj the same in the secondary thou Ii (and 1 '1) 
as well as 1 2 (and F 2 ) are the results of two oscillations. Hence wc! may 
write: 


11 — Ii -|- 

Fi = Fi^ -I- F/^ 

1 2 = 

F 2 = Yi + Fj^^ 


for the primary circuit, 
for the secondary circuit. 


The various oscillations have the following frequoncio,s, wav(‘-Iong(li.s 
and decrements. 


//(and F/) 
/2^(and Fa^) 
/i^'^tand F/^) 
12 ^^ (and F 2 ^^) 


N\ and d^. 
iV", X" and 


6 .The Frequency of Coupling Waves.— o. Primary Circuit wUlmnl 
Spark Gap— Let the index / refer to the oscillation having (,li(. liiahcr 
frequency and shorter wave-length. Then we have- 


and 


Vl - K' 
K' 




= li±P 

\l-K' 


^1 = >! VTTF 
= X Vi + K' 




4 


zJ^' 

+ K' 


( 1 ) 


( 2 ) 


Hence, the greater K , i.e., the closer the coupling, the more will the 

for., (1). It . ,ot drf .JWy Ww, though 
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tical importance, whether the factor K' has the relation to the coefficient 
of coupling, K, and the deci’ements given by equation (1) of Art. 58. 
The quantity which actually determines the extent of the coupling and 
which may be directly measured by test [Art. 87] is the factor /C' for cir- 
cuits with spark gap also. 

K' IS called the “degree of coupling.” Its value is frequently ex- 
pressed in percentage, thus: “3 per cent, coupling” means K' = 0.03. 
The relation between and N, as well as and \ is given in 

Table X for diiforont values of K'. 

c. iho rcsidtavt oscillation produced from the two coupling oscilla- 
tions of different frequency is of the form shown diagraramatically in 




Vig, 130, and shown in Pig. 124 as ob- 
tained with an oscillograph (H. Diessel- 
iioRST««) and in pig. 125 as photo- 



graphed from th(‘, spark discharges (K. 

^ ‘ 3 In 


Rau®”). The resultant oscillation may 

8 1 9 


be conceived as having the frequency 



N and an amplitude which periodically 
increases and decreases, similarly to the 
heats or ‘pulsations of a tone which are 
ol)serve(l in acoustics. 







Fici. 125. 


The greater the cliff orciie(3 botwoon tlio frequon,(U(\s of the two os- 
cillations, i.Gy the closei* the coupling, the greater is the number of pul- 
sations obtained per seciond. This numl)er, aS, whi(di is the number of 
times per second that the amplitude passes through zero, is given by 

,S[ = — approx. NK' 

Plence the duration of one beat or pulsation is approximately 
seconds = ^^7 periods. 

d. The eriergy relations, as is evident from Pig. 130, are as follows: 
Originally the entire energy resides in the primary circuit. After half 
of one pulsation the amplitude of the oscillation in the primary circuit is 
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zero, while that in the secondary is a maximum and the entire energy has 
been transferred to the secondary circuit. After another half pulsation 
all the energy is again back in the primary and the secondary is at jsero, 
etc., etc. In short, the energy continues to swing back and forth be- 
tween the primary and secondary circuits. 

60. The Decrements of the Coupling Waves. — a. Prmary Circuits 
without Syarh Gap (P. Dhudes^).— T he relations of the decrements be- 
fore and after coupling are expressed by: 


d, + da m 

di -|- d'i X 




2 W 

2 

d^ 


X^^ 

di + da 

di -|- da X 

id" 

- 

" X^ 

2 " N 






So that while for low degrees of coupling the decrements of the two 
oscillations are approximately equal to the average value of the decre- 



Fiq. 120. 

ment before coupling, as the coupling heconies closer j the decre^neni of the 
oscillation having the shorter wave-length increases and that of the oscillation 
having the longer wave hecomes less than the average value mentioned above* 
Theoretically the closest possible coupling exists when JC' = 1; in 
practice about the highest value obtainable is approximately = 0 6. 
For this latter value, we have: 

= 1.6 JV = 0.8 (rfi + di) 

= 0.8 N = 0.4 (cii + da) 

Hence in practice the frequency and decreznent of the oscillation of 
shorter wave-length will at most be twice what they are for that of the 
longer wave. 
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h. Primary Circuit with Spark Gap, — Fischer^o). — I n this case 
the I’elations of a do not hold. 

1. The decrements of both oscillations, particularly if the coupling 
is loose, are greater than would follow from a. 

2. It is by no means always the oscillation of shorter wave-length 
which is the most highly damped. On the contrary^ this usually is more 
slightly damped than the oscillation of greater wave-length. 

The conditions obtained by coupling a condenser circuit containing 
a spark gap with another having no gap, were observed by C. Fischer, 
whose results are shown in Figs. 126 and 127. Fig. 126 refers to the 
case of primary and secondary capacities being practically equal* while 



Ki({. 127. 


in Fig. 127t the capacity in Mk^ primary circuit is much greater tlian 
that in the secondary. 

61. Amplitude and Phase of the Oscillations.®’ — a. Amplitude.i — 
The current amplitudes of I-Ik^ individual oscillations have the same re- 
lation, approximately, as their frequencies, /.c.. 


I 

lu 

II 


I 

ir 


N 


II 


ji 


lu h. ^ X 

* Cx = Ca == 0.85 X 10“» MF. Li = - approx. 22,000 Length of 

gap = 6 mm. 

t Cl ~ 5.29 X 10“® M,F. Li =* 6280 C.Q,S. Gap ~ 6.8 mm. approx. C 2 = 
0.45 X 10“® MF. La 73,000 C.G.S. 

t If the current in one of tho circuits is not quasi-statioiiniy, the current amplitude 
is to be understood as the value at the current anti-node. 
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The current amplitude of the osaiUation hewing the shorter wave-length 
is therefore greater than that of the longer wave oscillation. 

Assume a given known value for the initial potential V i, of the primary 
circuit, then we have the following expressions for the current and voltage 
amplitudes in a secondaiy circuit having quasi-stationary current:* 


V I — T' rr _ 1 . y — A 1^1 . T’, 

W - iJvVc.a ■ r.. - /i.' - aJp -h! 

i,;‘ - ^N"vc,c; ■ y,. - ■ I,." - ■ h: 


b. Phase, — If we consider as positive the direction of the oscillating 
current I (one) in both circuits, the vector diagram will have the form of 
Fig. 128. The angles of phase displacement and are given approxi- 


mately by 


, T 

da 

- di 

1 

N 

tan tp 


2t " ■ 

K' 

'N^ 

1 Tl 

_ da 

-di 

1 

N 

tan ip 


27r 

'id 

■ 


In all practical cases, as long as the coupling is fairly close f these 
angles are very small. We may therefore state roughly; of the oscilla- 
tions in the primary and secondary circuits having the same jrequmey, the 



Fig. 128. 


one pair {Ii^ and h^t) almost in phase, while the other pair and 
approximately 180° apart 

c. The maximum amplitude of the resultant oscillation in the secondary 
circuit depends not only upon the amplitude of the two component 
oscillations, but also upon their phase and damping. 

* If neither prinuiry nor flccoiiclary circuit has quaei-stntionary (Uirront, these 
relations, to the extent of their involving the voltage, hold only approximately; those 
independent of arc correct if tho value of the current anti-node is taken as the 
current amplitude. 

t Assume di => 0.08 and (h = 0.2; then K' need only bo large as compared to 
0.02. If the secondary circuit is less damped tho eoiiditions become still more 
favorable. 

J i is used in Fig. 128 instead of the capital /, 
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If tho primary circuit contains no spark gap, we have, for quasi- 
statioiiary current in the secondary (P. Drude®^) : 



/a,,,,.. = 2TiV/-v/CiC'a.Fi, 


in which / is a factor whic^h depends upon the sum of the decrements 
previous to coupling, di + ^ 2 , and upon the degree of coupling as shown 
in Fig. 129. 

For pi’imary (nrcuits with a spark gap these curves for / are somewhat 
different. Tho difference, so far as this question has been investigated 



0 0.2 OJt Oji o.n 1 

Ji 

Fid. 129. 


to date (,]. Zennjock'**", ( 1. I^’isciiek'’^), secerns to (consist mainly in that th(' 
eurv(\s hav(‘ either a true maximum or at least do not imn-ease l)eyond the 
vahu^ reae,h(d l)(d<W(^(m 7v' = 0.2 and K' = 0.4. 

4. QUENCHING ACTION IN COUPLED CIRCUITS (M. 

62. Form of the Oscillations. — In Art. 69 it was stated that under the 
conditions therein specified the oscillations in the primary and secondary 
circuits would be of the nature illustrated in Fig. 130.* In the primary 
circuit, after lapse of half a pulsation, the amplitude of tho oscillation is 
zero or nearly zero. It then increases again, this being due to the fact 
that the secondary, whose amplitude is at its maximum at that moment, 
induces an EMF in the primary, producing a difference of potential 
between the electrodes of the spark gap. 

♦Assumption: cf — = 0.08; K' == O.lOt 
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action^’ or “quenched gap.” The oscillations in the primary then 
discontinue entirely and the secondary circuit continues to oscillate with 
its natural damping and at its natural frequency just as if the primary 
circuit did not exist. (Compare the diagrammatic Fig. 131* and the 
spark photograph Fig. 132 [H. Rau®®].) 

63. Various Types of Quenched Gaps. — a. Very short metallic spark 
gaps (M. Wien) arc of special importance in practice. 

Not only the material of which the electrodes are made but also the 
gas in the gap l)ctween them is of importance. Particularly good quench- 
ing action is obtained with silver and copper, aluminium is less satis- 
factory and zinc, tin and magnesium do not give good quenching (M. 
WiEN^^); platinum-iridium alloy is also quite effective with short gap 
lengtlis (H. Boas^’O. The quenching action is increased if the sparks are 
passed through hydrogen instead of air {A, Espinosa delos M outer os'^^)\ 
h. For laboratory purposes the so-called mercury-arc lamp, i.e., an 
exhausted glass tube with mercury electrodes (R. Rendaiil”*^) is very well 
adapted. Apparently the only essential element in the form of this 
lamp is the provision of a sufficiently large space over the electrodes for 
cooling and condensing the mercury vapor. Moreover the tube must 
have a high va(*uuni and pure mercury must be used. 

c. Witli primary cii-cuits having long gaps, which in themselves 
would liave no (iiumching action, it is possible to secure quenching by 
gn^atly increasing the damping of the i)rimary (nnmit through an in- 
s(M’te(l n^sistance, or better still, by inserting a glass tu])e filled with gas 
at v(My low i)r(\ssur(^ (c.r/., 3 mm. mercury) and having metallic electrodes 
— a so-call('(l “quenching tube” (M. Wien'*-). 

64. Requirements for Good Quenching. — a. Time-lapse of One 
Pulsation. — In view of th(^ fa(^t that the i)rimary (m*(uiit consumes less 
energy the sooner the oscillations in it are (luenched, J ix., for the sake of 
(dliciemy, it is dc^sirable to niakc^ tlu^ coupling as close as possible. The 
closer tlu^ couj)liag, the sliortcu* will l)e the time-lapse or duration of one 
pulsation, which is the time during which the primary circuit remains 
active [59cJ. 

On the other hand, however, the time during which the amplitude in 
the primary remains very small and, hence, the time during which the 
spark gap is suldoctod to deionization becomes shorter as the coupling 
is made closer. If this time is made too short, “pure” quenching is no 
longer obtained, i,e,, the primary oscillation is not suppressed after one- 
half a pulsation. Either coupling oscillations result or intermediate 
conditions between distimdi coupling oscillations and pure quenching 

Assumption; = 0,08; otherwise just as for Fig. 180. 
t In regard to hydrogen quonohod spark gaps [see Art. lOOe]. 
t For the same deerement; this also affects the cfRcienoy [&], 



96 


WIRELEJSS TELEGRAPHY 


are obtained; thus the primary oscillations disappear only after one 
and one-half or two and one-half pulsations fPig. 133, H. Rau®®). 

Hence close coupling is desirable for efEciency, while loose®®® coupling 
is needed for pure quenching. It follows that for every spark gap there 
must exist a “critical degree of coupling,” at which pure quenching is 
still just obtainable. This is of course always used in order to secure 
as high efiSiciency as possible. The higher the critical percentage of coup- 
ling, the better will be the quenching action of the given spark gap. 

h. Pureness of the Pulsations , — It is most favorable for the quenching 
action if the amplitude of the resultant oscillation in the primary circmit 
really becomes zero after the first half pulsation, that is, if the pulsa- 
tions are pure. The essential condition for this, however, is that l)oth 
oscillations, after half a pulsation, have the same amplitude but are 
opposite in phase. 

Whether this condition obtains depends upon the accuracy of tlu^ 
tuning between the primary and secondary circuits; the more exac^t 
the tuning, the purer will be the pulsations, other things being o(iual. 


iiiiuiiiii 


im iiwi ii 

Fig. 133. 

Moreover, even with perfect tuning, it is evident that the pureness of 
the pulsations depends upon the initial amplitude of the two oscillations 
and their decrements. In this connection, therefore, the decrement of 
the primary and secondary circuits becomes of importance. As the 
decrements of the coupling oscillations also depend on the degree of 
coupling, the latter affects the quenching action in this way also. 

Apparently this effect of the degree of coupling plays a part in con- 
nection with the following phenomenon (H. jRiegger^). If the degree 
of coupling is gradually increased a first critical coupling is reached, 
beyond which pure quenching is no longer attainable. If, however, wo 
proceed to make the coupling much closer, a degree of coupling is reached 
at which pure quenching is again obtained (second critical precentage of 
coupling). In fact, under certain conditions, a third critical coupling may 
oc(mr. The critical degree of coupling of a quenched gap is therefore 
l)y no means always a single definite quantity. 

The pureness of the pulsations probably also plays a part in the 
explanation of the fact that by bringing the primary and secondary cir- 
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ciiits (nil (»f n'st^naiitM*, a part* cpuairhiuju; t'aii In* 

tlu* qui'iirhini*: ha<l Ihmmi spiiihal with primary ami staaimlary rntin*ly in 

Inui* (JI. ItiKtnn'Ju’h 

t\ 'riu* maj^nihidi' (»f tlu* MMJ*' iiulinuMl in lht» primary hy tin* 
sr«‘oinlary rirniit is alsn alTca'ltal hy I hr ilrgna' nf rnupliuj^; in fart, is 
])rupnrtinnal to thr rtu'dirirnt of taaifilinj;’, olht»r things bring «*<pial. 
Hfait’a tin* groat rr (hr rorllirirnt, so murh grrntrr is (In* <Ia,ngtM* (hat a 
liisc’liargr will pass arross tin* spark gap aftrr half a ptilsa(ion» 

<1. Lastly, thr irmptniturr ttf the ehrlrtults, that is, not tin! avrragr 
t<*inp(*raturn, hut tin* inaxinunn at :my [niiiit iloeul hnitimj) allVrts tin* 
(pn*nrhing, as whrn tlir trinpt‘ratiin* hrronn»s vrry high (hr gas is 
highly i(»niz<Ml, thrrrhy gn^atly ns luring (hr <pn*nrhing action as well as 
(hr (lis<’harg«* V(»llag<*. 'Dus inaKtss it (*asit*r ft»r anolhrr spark to jump 
arross tin* gap afti*r (hr lirst half pulsation. Ilrnrr, (’an* nmst h(* (akrtj 
that tin* t(‘inprral un* thuvs not rise too high al any j)art of tin* gap 
(»lrrtr(ul(’s.‘**’‘ 

66. Concerning the Nature of the Quenching Action, n, 11ir giuirral 
n*(piirriurnt for tin* hrst (jururhiug action is idriil ic’.’il with iIh' r('([uirt* 
nn*n( for tin* <juick(*st possihlr dcioui/afi«m of (In* spark gap. 'Tin* dc- 
iouizaliou may have scNcial causes, vi/..: 

1. 'Pin* recatiiiiitiifnj t»f tin' poNilivi' aucl iicg.ntivc ions; wlicu (wo ions 
of opp(jsilr (’harge (‘ollidt*, tliis may result in a tnmt rali/.at ion of llirir 
ch;irg(‘s. 

2. Pifjusitm <»f tin* ions from the g;ip spjKM’ hctwccii tin* ch'i’l rod('s 

into spat’c wit hoiil : just as a g:is illumiiiat ing gas ) , pouring out from 

somr op«'ning will sprojul out in all diicfl ions ulilTus«') in tin* Nurrouml- 
ing m<‘jlium <cj/,. air), .*io tin* i«ins dilTusc fidin the space in wliii’h they 

formed into tin* Nurroumlinr, gar-. 

Ahetu'phi*fi of (he ions at tin* gaj) eh'cf r«Mles. If an ion comes 
«’(c»Nr to a piei'e of nn'tal, I he !alt«‘r will linvi* tin* same elTccI upon it as 
any niicharg«*d comhn’t**!’ lias »ni a charged IkmIv, \ i/., an al ( racl iv(* fort’c*. 

( ‘(Uisetpumtly the ion conn's into confac’t with (In' nn'tal and gives ilri 
charg(* tip to it. 

'I'lds last kind of dcioni/at ion is also inllncncc*! hy tin* diffusion of 
tin* ions. 'Pin* fasi<*r new ions arc diffnsc’d from the onh’r spa(*r to (In* 
surface of tin* ga[» rlcctrmlrs. thr t|nit‘kt*r will drioni/iUtion lak<* jihirr, 
corn*sponding to a gn*atrr co(»tricirnt of tlilTnsion.'*' 

4, Ih ioni^tttitffi Uy the Eh etrie FieUt hrliva n the (tttp Klninnlrs, If 
an rlrrtric Pn*ld exists h(*l\vrrn tin* gap (*lr(‘t rodrs, tin* posilivt' ions an* 
attractt»d In tin* in‘gativt* r*hn'(rotlr, tin* nrgativt* ions to the posit ivt' 
rh*rfroth*, w}n*rr they give up tln*ir (4mrg<‘. In thr rnsi^ in point a rn‘ld 

* The t’urllirifMl of ditTawiMii is ilrtiaril «m fnlltiWiH; If / is the (’tm(*(»nli’nlioii 
factor C *** Hiungt* in the tmiahiv* of itais preKcitt in I i*c., along a length of 1 
riuj, then the luiiahrr of loim ditTustHl through a s(*(*tion 1 rm, mp |n*r m*r* is 
7 
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exists between the gap plates both before and after the moment at which 
the amplitude of the oscillation in the primary is zero. The field existing 
after the zero amplitude is induced by the oscillations in the secondary 
circuit. 

5. Deionization hy Chemical Changes. — ^The conductivity of the gap 
is due mainly to the ions of the metallic vapor formed by the heating of 
the electrodes. It is possible that deionization results from a chemical 
combination of the metallic vapor and the gas in the gap. These chang('.s, 
however, are at present but little understood. 

b. With short metal spark gaps deionization through recombination 
and diffusion of the ions in the outer space can hardly play an important 
part. This is borne out by the facts that the quenching action increases 
very rapidly with decreasing distance between the electrodes and that 
it is particularly good in spark gaps having plate or disc electrodes ar- 
ranged to make diffusion into the outer space very difficult. 

Here then — aside from possible chemical action — the deionization 
must result mainly from the electric field and absoi'ption. 

If V is the mean specific velocity of an ion, i.e.j the velocity which it obtains in an 
electric field of 1 volt/cm., then the velocity, 7, required to move the ion over a 

distance d between the electrode in one-half a period = ~ • 2N. lionco, Y bc'ing 

proportional to the square of d, would bo only onc-hundredth in value for d - 0. 1 
inm., what it would be for d = 1 mm. Taking the iiornial value of V at atrnosplHn*i(f 
pressure as 1.5 cm. /sec., taking 0.1 inm. as the distance botween the electrodc^s (gap 
length) and the frequency iV = 3 X 10®/sec., which corresponds to a wavo-longMi 
of 1000 meters, V is found to be 40 volts; for a wave-length of 3000 in., V is only 
13 volts. Hence under these conditions very low voltages suflico to produce conipl(*t(^ 
deionization within one-half a period. 

Similarly the time required to reduce the number of ions between the cl(Jc.tro(l(‘s 
to a given fraction of the original number is reduced as the gap length is decreased. 

From the foregoing, it is easily comprehensible that the quenching 
action of gaps increases very rapidly as the gap length decreases, and that 
series spark gaps [Art. 12] have a decided advantage in this respect ovoi* 
a single gap of the same initial voltage (A. Espenosa de los M outer 
a series gap of ten units each 0.1 mm. long must be much more effectives 
than a single gap 1 mm. long. Presumably, this deionization by moans of 
the electric field of the discharge, perhaps also in conjunction with the 
absorption, is the cause of the very high spark decrement [Art. llrf] 
characteristic of metallic spark gaps and explains the ease®^ with which 
the oscillations are abruptly discontinued in such gaps [Art. 9d]. 

c. The effectiveness of hydrogen as the gap medium, and also of gases 
under low pressure (quenching tubes) may be explained on the assumption 
that either diffusion or deionization by the electric field is the principal 

* This time ad or ad® (d = gap length) in accordance with original distribution 
assumed for the ions, 
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cause. The coefficient of diffusion for hydrogen is about four times 
that for air under the same conditions; furthermore, it is inversely pro- 
portional to the pressure. However, very much the same is true of the 
specific velocity of the ions.* 

6. THE COUPLING OF UNDAMPED OSCILLATING CIRCUITS 

66. Coupling with a Closed Circuit. — In a closed circuit coupled 
loosely to a circuit with undamped oscillations, there will also be obtained 
undamped oscillations. Immediately upon starting, however, the same 
complications described for damped oscillations [Art. 55] arise. 

But in contrast to the conditions holding for damped oscillations, the 
iiidic^ations of a measuring instrument connected into the closed circuit 



will not 1)0 alTec^led by theses complic.ations wlum tlie oscillations arc 
undamped. It is assumed that tlie oscillations are sinusoidal and that 
the heat, Q, d(^V(^loped in the insi,rum(mt is always proportional to the 
heat, (/, which would be (U^veloped in the same instrument if it were 
(connected directly into the primary circuit. That is 

Q == AQ' always. 

Here, just as for damped oscillations, the inductance of the closed 
circuit must bo large in comparison to its resistance to make the pro- 
portionality factor A independent of the frequency, 

* The good heat conductivity of hydrogen probably comes into secondary con- 
sideration only, in that it causes a more rapid cooling of. the gap electrodes and the 
metallic vapors. 
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Loose Coupling with an Oscillator. — a. As with damped oscilla- 
rt. 56] two oscillations are obtained in the secondary circuit, viz.: 

1. A forced or impressed 
oscillation of the same fre- 
quency as the primary. 

2. The damped natural 
oscillation of the secondary 
circuit. 

b. The amplitvdes of b<3t.h 
oscillations are a maximum 
when the secondary is in reso- 
nance with the primary circuit 
Then both oscillations may bo 
considered as a single result- 
ant oscill£ttion. 

What was stated in regard 
to the amplitude curve foi* 
damped oscillations [Art. 566] 
holds equally well hero; tlu‘. 
relations, however, arc now 
somewhat simpler as the am- 
plitude curve of the impressed 
oscillation is a straight line. 
The construction is shown for 
a given case, Pig. 134,* the os- 
cillation curves being drawn 
out in Fig. 135.* 

As may be seen from lh(',so 
curves, the amplitude in tin*, 
secondary first increases grad- 
ually from zero. The tinu^ 
required for this increase up 
to the final maximum valine 
is the time required for tlu^ 
natural oscillation to die out, 
hence is longer for low than 
for high damping. But the 
less the damping, so much 
greater will be the final value 
of the amplitude, the latter 
irsely proportional to the decrement. This final current ampli- 
the natural oscillation has disappeared has the following value: 

jsed oscillation: thin full line, natural oscillation; dot and dash line, 
cillation: heavy full line. 
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l 2 „ = 0 jLs 2 r 7r J'lo = * T” * /.In (Sec foot-note to Art. 52a,) 

“ it2 it2 •L/2 0>2 

Fig. 136 shows the curve for a decrement of 0.8 under the same condi- 
tions and on the same scale as Fig. 135 in which, however, the decrement 
is 0.2. The impressed oscillation is in phase with /ia. 

c. The final amplitude reached by the oscillation in the secondary 
circuit is much greater than it would be if the secondary and primary 
circuits were not in resonance or if the secondary were a closed circuit. 
This is explained as follows: With loose coupling only very little energy 
is transferred from the primary to the secondary during each period or 
cycle. But only a part of this energy is dissipated in the secondary, 
the rest being stored by it. Consequently the energy accumulated in 
the secondary circuit grows with each 
period. This continues until, due to 
the increasing amplitude, the energy 
loss in the secondary has bccoJiio equal 
to the energy supplied by the primary 
circuit. This point is reached more 
quickly, the greater the energy con- 
sumption in the secondary circuit is in 
comparison to energy supplied, i.e, [Art, 8d] the greater the deennnent is. 

68. Close Coupling with an Oscillator. — It is veny difficult to draw 
any general conclusions in this connection with close coui:)ling. For 
undamped oscnllations can be ])roduced in a primary circuit only ])y 
constantly replenishing the energy consunuMl by the oscillations, and 
the results depend to a large extemt upon how this snpjdy of energy is 
affected hy the reaction of the secondary cirewit,^ 

а. In the simplest case tlui eiuu’gy supply is such as to maintain a 
constant current amplitude in the inimary (nrcuit. Th(.ni the conditions 
in the secondary are just the same as with loose coupling. J 

This can be secured by connecting the primary winding of an in- 
duction coil to the terminals of an alternator tlirough a very high series 
resistance, and connecting condensers to the secondary of the induction 
coil; the condensers and induction coil secondary form the secondary 
circuit. If the series resistance is sufficiently great in comparison to the 
impedance of the primary of the induction coil, then the amplitude of 
the primary current, being determined almost entirely by the series re- 
sistance, remains unaffected by the reaction of the secondary circuit. 

б. In the second case, which is of far greater importance in practice, 

* Ea — BMP induced in the secondary by the primary circuit. 

t In regard to the arc method of coupling undamped oscillations see S. Stibkis®^®. 

X Actually there is a slight reaction of the secondary here too, even though the 
coefficient of coupling may be quite high under certain conditions. In such cases 
the coefficient of coupling gives no correct measure of the reaction. 
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the external (impressed) electromotive force is maiutaiued at comUrnt 
ampHtude and frequency. «« These are the conditions existing, at least, 
approximately, when the primary of a transformer or an induction cod 
is joined to the terminals of an alternator, driven by a suffimently strong 
motor, while the transformer or induction coil secondary is connectiMl 
to condensers. 

The initial increase of the amplitude is the same qualitatively as 
with loose coupling [Art. 67] or as in case a. 

But there is one great difference. If the secondary frequency 
varied by the condensers, then the amplitude of the oscilla- 



tions in the secondary circuit does not become a maximum when iJu* 
natural oscillations of the secondary have the same froiiueiicy as that of 
the primary circuit. The maximum is obtained at a sccondaiy frcsquency 
which is lower than that of the primary and the closer the coupling, i,Iie 
lower will be the frequency at which the maximum amplitudo of the 
secondary ■ oscillations occurs.* This is due to the simple fact that 
the primary current and hence also the energy supply arc by no mean.s 
constant, but are much greater at the lower frequency undor the in- 
fluence of the reaction of the secondary circuit. 

• Within certain limits we may write for Nt, the frequency at wliioh the ampli- 
tude is a maximum, approximately 

Hr = Ni-s/l — (JC = coefficient of coupling) 
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Tliis is shown hy th(^ curvos of Fig, 137, ttikcn from an article hy G. 
C}la( 3K. The values of the capacity in the secondary circuit are plotted 
as abscissiu, while tlie ordinates represent wliat is marked over each 
curve. The vertical dot and dash line indicates the capacity at which 
the natural oscillations of the secondary have the same frequency as the 
primary. 

69. Difference between Damped and Undamped Oscillations. — 

a. Looking back over the ground just covered it appeal’s that undamped 
oscillations are l)y no means much simpler in their various relations than 
damped oscillations. To be sure an undamped oscillation is always 
olitaincd in the secondary circuit. But at the start, exactly the same 
complications arisen as with dam peal oscillations. Th(\so complications are : 

1. Secondary = a clcjsed circuit: — a current of the form [Art. 55a] 

I = /oc"// (/ = time^) 

2. Secondary = oscillator:— damped oscillalions [Art. G7 and 68]. 

3. Secondary = circuit with capac’ity and self-induciion, but such 
high rc\sistance that real oscillations c’annot take place: — current of the 
form«'-» 

I == 

or, in case the coefFiciient of scif-indiici,ion is vcM-y small 

Hence, considercMl from the initial c^onditions, the phenomena are 
no simpler for undainpcMl than for dampc'd oscillations. 

b, Bor making vicamremcnh howewer thc^ c-onditions arc^ cpiite different. 
These disturbance's a.re all of sucii short duration that tlu'y disappcuir in 
a fenv seconds at thc^ very most, in fact within a few thousandths or even 
millionths of a sc'cond in most jiraci.ic^al ceases. 

Henc^e, with undamped oscillations thc\se disturbanc!(\s have long 
disappeared before^ the instrument shows an apprcuiablci deflection. 
Only the subsequent undisturbed oscillations detcu’mine the indications 
of the instrument. ' 

With damped oscillations, on the otheu* hand, the time during which 
these 2^henomena which we have designated as disturbances take place 
may be of considerable importance in relation to the duration of the 
inimary oscillatiouvS, in fact they may last even longer than the latter 
[Art. 5662]. Just as often as the primary oscillations arc again set into 
motion, so often will these “ disturbances reappear. The heat developed 
in a measuring instrument will therefore depend upon these disturbances 
as well as upon the oscillations induced by the primary circuit, and the 
relations may become far more complicated than with undamped 
oscillations. 



CHAPTER V 
RESOHAHCE CURVES^^i 

1. THE RESONANCE CURVE OP THE CURRENT EFFECT 

70. General Remarks. — ^Assume two oscillators loosely coupled and 
let the frequency be varied in one of them. Let the current effect in 
the secondary circuit be determined by any suitable instrument and let 
there be a constant nu7nber of discharges 'per second. Plot the observed cur- 
rent effects, as ordinates and the corresponding frequencies, or 
wave-lengths, X 2 , as abscissse. The curve thus obtained is called tln^ 
‘Resonance curve of the current effect.’^ Theoretically its equation is 



138. Fia, 139. 

which is based on the assumption that the amplitude curve of the 
primary is an exponential curve and that both dx and ^2 are < 27 r. 

a. The character of these resonance curves may be seen from that 
shown in Pig. 138. At the point Nz = Ni (Ni ^ frequency of the un- 
changed circuit) the curve has a very distinct maximum — whence the 
current effect is by far greatest when both circuits have the same fre- 

— Amplitude of the BMF acting upon the secondary circuit »= uLsi. /i- 
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quency. The abscissa at the peak of the resonance curve is often called 

the ‘‘point of resonance.” 

h. The value of the ordinate at the peak, i.c,, the size which the 
current effect in the secondary circuit reaches, at resonance^ depends upon 
the decrements of the primary and secondary circuits, other things being 
equal (similarly to the maximum amplitude [Art. 5Gc]). The current 
effect at resonance is given by: 

r. 1 


and if the primary oscillations are undamped : 


Lr c// 


S‘^ao ± 


In Fig. 139 curve a (as in Fig. 122) corresponds to decrements di = 

0.08, d 2 = 0.02, curve b (as in Fig. 123) to di = 0.08, d-j = 0.2. It 
should be noted that the current ef- 
fect at resonance is much greater for 
the first than for the second case. 

c. The Sharpne,ss (Itadius of Curves 
lure) of the Peak of the Resonance Curve 
is of Importance . — Two curves may be 
compared in this n^spect — after ad- \ 
justing the ordinate s(;ale of one curve 
— by superimposing the two maxi- | 
mum points, assuming that the point 
of resonance occurs at the same fre- 
quency for both curves. If this is 
not the case, instead of plotting the 
frequency, of the varied circuit, its ratio to the frequency Ni of 
the unchanged circuit is plotted, i.c,, N 2 /N 1 and instead of the cur- 
rent effect IV/> Ihe values of its ratio to the current effe(!t at resonance, 

>” 2 — » plotted as ordinates. 

Ir eff 

Then we may state the following: The peak of the resonance curve 
will be flatter — the resonance will be less sharp* — according as, 

1. The sum of the primary and secondary decrements, di + d 2 , is 
greater. 

2. The coupling of the two circuits is closer. 

In Fig. 139, in which the values of N 2 /N 1 are plotted as abscissae, 

* As a measure of the sharpness of resonance, the reciprocal value of the dissonance 
[see Art. 74] at which the current effect is just one-half that obtained at resonance 
may be used. For the sharpness of resonance, p, thus defined, Art. 74 gives the value 
27r(di -f in the case of a normal resonance curve; this value is given in Table XII 
for different values of di + da. 
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the curve I {di + — 0.28) has been redrawn as the curve c by a chanf»;o 

of scale. Its peak at resonance is much flatter than that of the curve a, 
which corresponds to the same coupling but has a lower sum of the 
decrements, di + dz — OA, On the other hand, the resonance curves a 
and b of Fig. 140 represent the same decrements with difFercnt couplings. 
The curve &, which corresponds to the closer coupling, is somewhat flatter 
than a. 

d. What has been stated in regard to the resonance curves also holds, 
at least qualitatively, if curves are plotted with the voltage effects or tluj 
maximum amplitudes* as ordinates. Moreover, in all practical cases, 
these curves have their maximum when the two frequencies are equal to 
each other. 

71. Measurement of the Frequency. — a. Principle of the Method 
(0. Lodge, H. Hertz). A condenser circuit with a known variable 
frequency, i.c., a so-called ‘‘measuring circuit” is used. The oscillator 
whose frequency is to be determined is caused to act upon this measuring 
circuit, using as loose a coupling as possible, and the current indicated l)y 
a measuring instrument connected in circuit is noted at different fre- 
quencies. That frequency at which the current effect is a maximum is the 
desired natural frequency of the oscillator, 

Just how the oscillations are produced is immaterial. If the oscillator 
contains a spark gap, it is simplest to use an induction coil, a transfornu'i* 
or an influence machine. If it contains no spark gap, and a gap is 
objectionable, its oscillations may be induced by means of cither a 
quenched gap circuit or by impulse excitation [Art. 78c and d, Art. 109]. 
Under certain conditions it may even be more convenient to use th(^ 
measuring circuit as the primary, instead of as the secondary edreuit, l)y 
producing oscillations in it, allowing it to act inductively upon the 
oscillator through a coupling as loose as possible and varying tlu^ fre- 
quency in the measuring circuit. The measuring instrument in 1,1 lis 
case is placed in the oscillator, whose natural frequency is that givhig 
the maximum reading on the instrument. 

6. For a laboratory measuring circuit only air or oil ' condensers 
should be used. Air condensers of variable capacity, e,g,j those de- 
scribed in Art. 40 are the best.f Very good results are obtained by (ion- 
necting two such condensers in parallel, one having large capacity for 
the rough adjustments to resonance, the other having small capacity 
for the fine adjustments and determination of the points in the resonaiuu'. 
curve near the peak. 

The circuit should cogsist of closely wound coils having only one 

* These may be measured by the gap length they will jump across, thougli to h(‘ 
sure not as accurately by far as current or voltage efffects. 

t A condenser of flxed capacity in. conjunction with a coil of variable self induction 
(variometer [Art. 38c]) is less desirable. 
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layer of turnsii and only one diameter, which must not be small as com- 
pared to the length of the coil; the conductor is best made of bands of 
very thin copper strip or braids of individually insulated very fine 

0.07 mm.) copper wires. 

By the use of several interchangeable coils the frequency may be 
varied in larger steps, while continuous adjustment is obtained by 
turning the plate coudenser^s movable element, 

c. The Measuring Instrument, in the Measuring Circuit . — Other things 
being equal, the accuracy of a frequency determination increases with 
the sharpness of the resonance curve. This sharpness is greatest when 

1 . The damping of the measuring circuit is lowest and 

2. The coupling permitted by tlio measuring instrument is loosest. 

For both these reasons a highly sensitive instrument is best for this 



purpose, in that it requin^s vc'.ry lit, tie (uiergy jx^r second to give a sufficient 
deflection. licMu^e a bolonu^Un* and a th(*.rmal ek^nent (in conjunction 
with a mirror galvanouKJter or a sensitive needle galvanometer) or a 
thermal galvanoin(U.er are preferable to the ordinary hot-wire meters 
or hot-wire-air thermometers, if great accuracy is required in the de- 
terminations. If the oscillations have very low amplitude [Art. 78d!], 
it is advisable to replace these measuring instruments by a suitable 
detector [Art. 51] in conjunction with a telephone or a sensitive 
galvanometer. 

d. The requirement of minimum damping usually forbids the direct 
connection of those instruments, which customarily have a high resist- 
ance, into the measuring circuit. Better results are obtained by causing 
the measuring circuit to act inductively, through as loose a coupling as 
possible, upon a closed circuit, the “indicating circuit,” which contains 
the measuring instrument (Fig. 141). 
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It is advisable to make the distance between the coupling coils Si 
and ^2 (Fig. 141) variable, so that the coupling between the measuring 
and indicating circuits may be adjusted at will. Furthermore the in- 
ductive coupling between these two circuits may be replaced by a direct 
connection — ^for instance the measuring instrument is shunted across 
a few turns in a coil placed in the measuring circuit. 

If the arrangement is to serve for all kinds of measurements,’'* then 
the inductance of the indicating circuit must bo made large as com- 
pared to its resistance [Art. 556]. 

e. In many cases, instead of an indicating circuit with measuring 
instrument, a well-known demonstration device, a Geisslkr tube’f 
parallel to the condenser in the measuring circuit, will serve the purpose. 

At that frequency at which the tube lights, resonance exists between 
the oscillator, whose frequency is being measured, and the measuring 
circuit. If the coupling is chosen sufficiently loose so that the tube just 
begins to light at resonance the determination can be made about as 
accurately as with a commercial hot-wire meter or hot-wirc-air ther- 
mometer. 

72, Calibration of the Measuring Circuit. — Before determining un- 
known frequencies with a measuring circuit the latter must first bo 
calibrated, i.^., its own frequency determined for each position of the 
variable condenser and for the different coils substituted. The 
principle involved is as follows: 

a. First the condenser is calibrated. Any method for measuring 
capacity can be used for this purpose. J The capacity is measured 
for several different positions of the pointer, and the values found 
arranged in tabular form or plotted as a curve, so that the value at any 
position of the pointer may be found by interpolation, l^'or rotating 
plate condensers as usually constructed the capacity is approximately 

(7 = C'o + = a ((^ + ^o) 

in which Co, a and are constants, while <p is the scale deflection of the 
pointer at any position. The calibration curve is therefore approximately 
a straight line. 

6. The next step is to determine the frequency (wave-length) of the 
measuring circuit for one definite capacity, i.e., one definite position of 
the pointer of the condenser. 

* e.g,j measurements such as are discussed in Art. S7, ct scq. 

t The helium or neon tubes made according to E, for the observation of 

electric oscillations are well adapted for this purpose. Instead of Geissler tubes, a 
micrometer gap, particularly as made with two fine graphite electrode points is also 
serviceable. 

{Convenient methods*^®^ are: 1. Determination with bridge and telephone, if a 
known capacity is available for comparison. 2. Absolute determination with tuning 
fork commutator or rotating commutator. 
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If the frequency, N (or wave-length, X) is known for any one position 
of the condenser, i.e,j any capacity, C, then the frequency, N, for any 
other capacity, Ci, follows from 



The frequencies (or wave-lengths) are then calculated for a number of 
different condenser positions and a curve is plotted for each test coil, 
using the condenser scale readings as abscissse and the calculated fre- 
quencies (or wave-lengths) as ordinates. The frequency or wave-length 
corresponding to any (condenser position (^an then l)e read from these 
curves.* 

c. The frequency of the measuring circuit for a given capacity can at 
times be found by calculating the coefficient of self-induction of the test 
coil. 

If the test circuit consists of a coil of one layer of turns, the number of 
turns being quite large and if the (connection to the condenser is as short 
as possibhc, them the self-induction of the heads to the condenser and of the 
flow of curr(uit in the condenser itself becomes ncegligible as compared to 
the self-inducilon of the coil. The latter can bee calculated for direct 
curremt from well-known formiiUi) (Table VI) or can bee determined experi- 
mentally. The coefHc-ient of self-induction for rapid oscillations is 
very Hi, the differemt from that for direcct enirrent, if, by the use of well 
braiehid conduefcors of very fine individually insulateHl wires, the distri- 
bution of the high freniuemecy alternating ecurrents is kept practically the 
same as willi direect curremt [Art. 3i)]t. This avoids variation of the coef- 
fienemt of self-induction with varying frecqueiiecy. 

Otherwise thee freepumecy of the measuring (circuit may be determined 
cxycrimmlally. In ordecr to apply thee methods which follow, a spark 
gap (echcectrodes of magnecsium, gap length at least several millimeters 
[Art. 5c]) itiay bee inserted and the measuring circuit fed by an induction 
coil or similar source of supply (Method 1) or its natural oscillations may 
bee induced through thee use of a epienched spark-gap circuit (Methods 2 
and 8). Inste^ad of this, it is oftem more convenient to arrange an auxili- 
ary condemsor ciremit, measure its frequencjy (or wave-length) by one of 
the following methods and then bring the measuring circuit into reso- 
nance with the auxiliary condenser circuit. 

* It slioxild not I)(J forgottecu that the indicating circuit may influence the frequency 
[Art. Ilon(!(?, cutheir the coupling beitween Si and S^ (Pig. 141) must be made 

(ixtremicly loosei [Art. 78^] or, if this does not give a sufficient deflection to the instru- 
ment in the indieuiting ciremit, the calibration should bo carried out with the same 
coupling at wliich the measuring circuit will later be used. 

t The capacity of the coil [Art. 736] must be taken into consideration in case the 
coneienser has relatively small capacity. 
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We have, then,, the following methods for determining the frequency: 

1. For condenser circuits with sparh gap: photographing the spark in a 
rotating mirror [Art. 2]. 

2. Stationary Waves on Lecher^ s Wires. — This arrangement (shown in 
Fig. 142) is as follows: Two parallel wires — whose distance apart is 
very short compared to their length — are bridged by a fixed cross strip, 
AB. A second cross strip, CD, is movable along the wires, as is also a 
sensitive Geissler tube, 0. 

The condenser circuit, /, whose frequency is to be determined, is 
caused to act inductively upon this system of parallel wires through a very 
loose coupling. The bridge, CD, and the Geissler tube, C, are then 
moved, always keeping G midway between AB and CD, until the tiil )0 
shows the maximum illumination, indicating that the circuit ABCD is 
in resonance with the condenser circuit. The curves of current and 



Fig. 142. 


potential distribution along the wires will then be as shown by I and V in 
Fig. 142* and the distance AD = BC will be a half wave-length. f 
If the distance between the wires is chosen sufficiently large to inakci 
the inductance considerably greater than the effective resistance, then tlu^ 
velocity, F^,, of electromagnetic waves, advancing along the double 
wires is approximately : 



(L, C and are the coefficient of self-induction, the capacity and the re- 
sistance, respectively, per unit length. From the velocity, Vif and the 
wave-length, X == 2A(7 = 2BD, the frequency of the auxiliary circuit 
follows directly [Art. 19].) 

3. Combination of Calculation and Experimental Methods. — The main 
portion of the measuring circuit is arranged in the form of a rectangle 

* The arrangement may be considered as a combination of two lineal oscillators 
[Art. 20]. ' 

t On the assumption that the fundamental oscillation (and not a partial wave) is 
being observed. In case of doubt, it is only necessary to move the tube, 0, back and 
forth along the wires to determine this. 
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ADDiEif"^ one of whoso sides is a movable cross strip, DiEi (Fig. 143). 
Upon this rectangle, the auxiliary condenser circuit (/, Fig. 143) is caused 
to act inductively and the condenser, C, is adjusted so as to bring the 
measuring circuit in resonance with the auxiliary condenser circuit ;t let 
Cl be the capacity required for resonance. Then DiEi is displaced to, say, 
the position and C is again adjusted for resonance. Assume the 

capacity needed for resonance in this case to be C%. As the frequency 
was the same in both cases, namely, that of the auxiliary circuit, we have 

LiCi - L0C2 

Li ^ C, (1) 

I2 Cl 

in which Li is the coefficient of self-induction of the measuring circuit, 
ABDiEif while L 2 is that of the circuit, ABD^E^- 



C 



Moreover wo may writer with almost entire accuracy 

Lx u = L JM- m (2) 

in which LV \ and represent the coefficients of self-induction of the rect- 
tiiigles ABDiEi and ABD^J^lx respectively, and may be calculated 

Tho self-induction of this roctanglo [Table VI] will bo approximately the desired 
circuit fi(jlf-inductanco. 

t ii(‘soiuiiico is observed by means of tho maximum indication of the measuring 
instrument thermocouple) in tho indicating circuit, which latter must be coupled 
extremely loosely with tho measuring circuit. 
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Jj^ 

from the dimensions (Table VI). From 7 ^ and Li — L 2 , the values of 

i72 

Li and L 2 are then obtained, from which the frequency follows. 

73. Determination of Capacities and Coefficients of Self- and Mutual 
Induction by Resonance.* — a. Self-4nductancej Capacity and Dielectric 
Constants. — The resonance method offers a very valuable and, particu- 
larly with the arrangement discussed in Arts. 78d and 109d, very 
convenient means of determining capacities and self-inductances. Va- 
rious methods of procedure are possible. 

For instance, to measure the coefficient of self-inductance, L, of a 
given circuit (e.g., a coil), its ends ai'e connected to the terminals of an 
air condenser of known capacity, C, thus forming a condenser circuit. 
The natural frequency, N, of this circuit is then determined by resonance. 


L then follows from N = - — - - 

2TrVLC 

If it is only a question of comparing the self-inductance, Li, of a coil 
with that, Li, oi another (which, e.g,, might be a known standard of self- 
inductance) then the two coils are in turn connected to a calibrated adjust- 
able condenser through leads as short as possible and having no appre- 
ciable self-inductance or capacity; the circuit so formed is then brought 
into resonance with the same auxiliary circuit by adjusting the condenser 
in each case. If Ci and C 2 represent the two capacities, then we have 

N = whence 

2WL1G1 2jrVL-iCi 


h 


Cl 


The capacity of a condenser would be obtained as follows. Its ter- 
minals are connected to a condenser circuit, through suitable loads having 
no appreciable capacity and a primary circuit is brought into resonance 
with this. Then the condenser is replaced by a variable calibrated air 
condenser which is adjusted until resonance is again obtained. This 
value of the variable air condenser is then the desired capacity of the 
unknown condenser. 

In this way, the dielectric constant of a fluid, c.r/., an oil, may also be 
determined. The capacity, C, of a suitable condensei”, say of the form 
illustrated in Fig. 79, is measured with the condenser plates submerged 
in the oil and then with air as the dielectric, giving a capacity Co. Then 
C/Co is the dielectric constant of the particular oil. 0 :dy a slight modi- 
fication of this procedure is necessary to adapt it to the measurement of 
the dielectric constants of solid materials when used in plate or disc 
form. 

The main advantage of this resonance method, which may be widely 

* For a more accurate method see Art. 81 . 
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vaxied for adaptation to the particular conditions of each individual 
case, lies in the fact that the self-inductance, capacity and dielectric con- 
stant can be measured at the same frequency at which they will later be 
used. 

b. Capacity of Coils, — Just as the electric field between the coatings of 
a condenser results in a “capacity,” so the electric field existing between 
the various turns of a coil, having different potentials, must give the coil 
a capacity. This much capacity will therefore be added to that of the 
condenser circuit in which the coil is connected. 

Its determination may be carried out as follows (A. Meissner^’"^) : 
The coil is connected to an adjustable condenser whose capacity must be 
great as compared to that of the coil, and the condenser circuit so formed 
is brought into resonance with an auxiliary circuit. Then the coil is 
submerged entirely in a fluid whose dielectric con- 
stant, fc, is known, surrounding the coil with the fluid 
to as great a distance in all directions as possible.’" 

Then the variable capa(;ity is rediu^ed by an amount, 

C", to again have resonance. It follows that tlu^ 

C' 

effective capacity of the coil in air is 7 r‘ 

This measurement must under all circumstanc(\s 
]}0 made at tlie same frequency at which the coil will 
later b{^ used, as the capacity of a coil dep(ni<ls largely Piq. 144 . 
upon the frequency of the alt(u*nating (uirnmt passing 
through it. 

c. The coefficient of mutual induction of two coils, Si and (Fig. 
144) may also be found by resonance. The two coils an^ phujcd in the 
relative position in which tluur mutual indiK^tion is to \)e determined, 
connected in series (full-line connection in Fig. 144) and tho coefiicicmt 
of self-induction, Ll, of the two coils thus joined is im^asured. Then one 
coil is reversed (dotted lines in Fig. 144) ami tli(^ total coedfleient of self- 
induction, La, determined for this condition. Tlien the coefficient of 
mutual induction is 



74. Determination of the Sum of the Decrements of the Primary 
and Secondary Circuits (V. Bjerknes®^). — a. In order to determine the 
decrement of an exponentially decreasing oscillation, the oscillator is 
caused to act inductively upon a measuring circuit with variable fre- 
quency and through a very loose couiffing so as to obtain the resonance 
curve [Art. 70]. From the latter the sum of the decrements di of the 

* Say, by suspending the coil in the middle of a glass (jontainor or jar which is 
large compared to the coil. 

8 




114 


WIRELESS TELEGRAPHY 


oscillator and ^2 of the measuring circuit is obtained (Bjekkn li(>s<)- 
nance Method). 

How the sum di + is obtained from the resonance curve, depeiuls 
upon what the ordinates and absciss© of the curve represent. 

1. If the measuring circuit contains a variable condenser, the valuers 
of its capacity, C, will usually be plotted as absciss©, while tlu^ or(liiuit(‘s 
would be the current effect /V/ (Kg- 145) or the deflection, of it 
measuring instrument in the indicating circuit. Then we havc^f 



in which 7V/ and a represent current effect and dofl(uv(;ion, resp(M^t,iv(‘ly, 
when C is the capacity in the measuring circuit, while and cxr an<l 
Cr represent current effect, deflection and capacity at rc^sonamu^ 

2. If the measuring circuit is calibrated in frequv/ncm, ihm\ will lx* 
used as absciss© with the current effects or instniinent thdhx^iions as 
ordinates. Then we have: 


di + ^2 = 2t 


= 2ir 



PiF 

Wa 



(Fig. 14C) 


dA\Fli 


m 

1 


* Oa condition that the deflection is proporl.ioiml to tbt\ cum'ul, (ilTcM^t. For llio 
exact calibration see, e.g., B. S. LSwm."< 

t The following holds only for points whose abscissa is loss than that of the point 
of resonance (points to the left of the resonnneo point in Pig. 14 f)). For points to tlio 
rig^ht of the resonance point, a minus sign should be placed before oaeli e.xpressioii, 
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If the ineaisuriiig circuit is calibrated in wave-Unutha^ X, and these are 
used as abscissae (ordinates again oc I\ff) then: 



3. In comparing different resonance ennm it is advisable to proceed 
as described in Art. 70c. Having found the frequency, Nr^ or wave- 
length, Xr, and the current effect 1\ c// at resonance between the measuring 



Kid. 1-17. 


circuit and oscillator, the ratio .. oi\' is pIott(‘d asabsiiissa and the ratio 

iVr X 

7 “ 

y./ as ordinate, tlu^ (uirn^nt effect Pc// corresponding to th(^ frequency 

i r eff 

N and wave-length X of tlie measuring circuit. Then the abscissa and 
ordinate of the resonance point are taken as unity (a; ~ 1, 2/ = 1) and we 
have* (Fig. 147): 

* From Aril. 70 ctjuatiou (1) wo obtain: 
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“ 2tTXi 



= 27rX2 




X being the mean of Xi and rca* (Fig. 147). 

The quantity x - "jy ^ <ialled the 

dissonance^ ^ of the two circuits. The value of the factor A is given in 
Table XI for a wide range of ordinates.^®’' 

b, A simplified method, much used in practice and usually of sufficient 
accuracy, is the following (H. Beanbes^'^®). The instrument in the 
measuring circuit (or in the very loosely coupled indicating circuit) gives 
a certain deflection at resonance (capacity Cr). The capacity is then 
varied in both directions until the deflection of the instrument is just 
half what it was at resonance. Let Ci and (72 be the capacities required 
for this. Then, from par. (1), we have approximately: 


di “j“ d2 


1 - ^2 

2 ‘ Cr 


1.67* 


Cl ~ Ca 


Cr 


If <pij <p 2 and (pr represent the angles of the scale readings of the vari- 
able condenser, corresponding respectively to the capacities Ci, Ca and 
Cry we may write the approximate relation, from Art. 72a as follows: 

di + d, = 1.57 ~ 

(pr -r <po 

c. The relations given in a and b also hold if the frequency is varitul 
in the primary circuit and the current effect is measured in the secondary. 
In that case C, N and X in the equations of a and b should be under- 
stood as the variable quantities of the primary circuit, while 7%// repre- 
sents the current effect in the secondary. 

d. If the oscillations in the primary circuit are the equations 

of a and b remain correct if we put di = 0; the dec7'enient of the secondary 
circuit is then given directly. 

75. Abnormal Forms of the Resonance Curves.— In applying the 
expressions given in Art. 74 to different points of an experimentally 
determined resonance curve it may happen that the value of di + da 
will be different for different points, i.c., the form of the resonance curve 
is not that assumed in Art. 74, 

a. If the value determined at the various points fluctuates up and 
down irregularly, this is due to inaccurate observations in obtaining the 
resonance curve (irregular operation of the interrupter or spark gap) . 
All that can be done in such a case is to take the average of the different 

* Theoretically Xi should = xq. Iu practice, however, because of unavoidable 
inaccuracies in the measurements, jri and .Ts will always be slightly different. Hence 
it is best to take x the moan value of rci and x». 

t A zero method for determining the decrement has been developed on this principle 
by L. Kann.^°® 
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Viiluos found for di + do; it is preferable, however, to redetermine the 
resonanec curve. 

6, If the resonance curve is decidedly* unsymmctrical, as, for instance, 
curve h in Fig. 173, this indicates condenser leakage discharge; the sum 
of the decrements can then not be found at all from the resonance curve 
[Art. 86]. 

c. With condenser circuits having spark gaps, the following condition 
is often found: the resonance curve is symmetrical, but the values found 
for cZl + do bcu^oine systematically lower as we go down from the top of 
the curve (]<'ig. 148). An explanationf for this may be that the ampli- 
tude curve of the primary circuit is not, even 
ai)proxiinately, an exponential curve. In that 
case the d(K;rement docs not remain the same 
during an oscillation [Art. 9c]. If, in this case, 
as is usually done, the average of the values 
obtaiiKul at different points is taken, J then this 
mean Viiliuj is that value of di -|- do whi(^li 
would be obtained witii a condenser circuit 
having an exponcmtial d(*crease of the amplitude 
juid giving tlui mnie resonance sharpness. 

This peculiarity is i)arti(nilarly noticeable in 
(^ondemser circuits having very short spark gaps. 

With tli('S(^, the valium obtained for di and at nimvtcuitJis of the licight 
of tlu^ peak may Ix^ 50 per (xmt. greabu* than that obtained at one- 
third the total height.^ This is probably due, at least in part, to 
th(^ fa(^t that the oscillations ai’e abruptly cut off [Art. 9d]. At any 
nite, thc'ory has shown (H. AlACKfV*-) that an aJ)rupt (uitting off of the 
oscillations may rc'sult in a deformation of this kind in the resonance 
(Uirve. 

d. It may happem that the current effect r(d,ains relatively larger 
valuers for a considci’able distam^e to (itluu* side of the resonance point 
(J^'ig. 149). This may be dna to the fact tliat the primary either directly 
or through somc^ otlu'r circaiit has an inductive^ effecit upon th(^ indicating 
(unuiit. 

Or the measuring cinaiit may have been coupled too closely with the 
primary circuit. The j’c^sonance curve will then be of the form shown 
in Fig. 150; tluj deenunent values from such a curve will vary from point 
to point and be too high throughout. 

c. If the resonance curve has two peaks, this may be taken as an 

* A aliglit (lissyinnictry apiiwirs wlusn the factor A [Art. 556] is not constant, 
depending upon the frequency, 

t Furthennore the instrument deflections nsed as ordinates may not be exactly 

« f >//. 

t Usually the value obtained at one-half the total height of the resonance curve 
is identi(jal with this mean value. 
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indication that there are two distinct oscillations in the primary circuit 
[Fig. 176]. Such curve forms, however [e,g,j the heavy, full line in Fig. 
161] may result in quite another way, namely, if spark or brush discharges 
pass between the coatings or plates of the variable condensers (or at 



other points of the measuring circuit). Thus in Fig. 151 the real reso- 
nance curve is shown by the broken line: the actually observed full-line 
curve having been caused by a reduction of the current effect at the middle 
portion of the curve due to spark discharges. 

76. Determination of the Decrements of the Primary and Secondary 
Circuits. — a. With a damped primary circuit, the resonance curve gives 
only the sum of the decrements of the primary 
and secondary circuits. To obtain the individual 
decrements, we may, for example, proceed as 
follows (method of V. Bjerkniss®^). A known re- 
sistance R\ is connected into the secondary (cir- 
cuit,* which has been brought into resonance with 
the pi'imary circuit (deflection in the indicating (cir- 
cuit == oir). This will cause an increase in the 
secondary decrement dz by an amount 



d' = ttR' 


( 1 ) 


to a value a'. Then 


But the instrument deflection, d^ will be reduced 


do 



- 1 


( 2 ) 


in which d is the value of di + dz obtained from the resonance curve. 


* In. the measuring circuit of Fig. 141, the terminals AB are provided for this 
purpose, 

t Assuming that the deflections Otherwise the current effects must be 

substituted for the deflections in the equation. 
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This expression is simplified into 

<b = d' - -- 
“;-i 

a 

when (V is very small compared to d. 

Having thus determined rfa, the decrement, di of the primary circuit, 
follows from the value of dx + d^i obtained from the resonance curve. 

&. It has already been shown [Art. 74d] that with undamped oscilla- 
tions in the primary c.ircuit the decrement of the secondary can be ob- 
tained directly either from the resonance curve or from the simplified 
procedure of Art 746. A still simpler method may be applied under 
those conditions.* First the secondary circuit is brought into resonance 
with th('. primary. Assume that the current effect in the secondary (or 
ill an indicating circuit coupled thereto) = a. Then a known resistance, 
Ji', is connected into the secondary circuit, thereby reducing the current 
off(^ct t-o a valiK' a. Then if R repi’csents the effective resistance of the 
se(‘.ondary cinmit before R/ was introduced, w(^ have 



Then the decrement follows from R and Art. M. 

c\ Theses methods of c-our*s(^ ofhu* a means foi* calihraling the measuring 
circuit with respect to the deerc-numL Tlu^ valiums of d^ are found for the 
various current paths and different condenser values and are then listed 
in tabular form or plotted as a curve. 

In this coiiiK'.ction it should be remembered that the decrement ^2 
of the measuring circuit will be affected by the indicating circuit unless 
tlie coupling between them is extremely loose. 

A sharp indication as to whether or not this condition exists is given 
by the following. A (ioil S'x of th(^ same dimensions as /Si is connected 
l)(d‘/We(ui A and B in the measuring (dreuit of Fig. 141 and is caused to act 
inductively upon another coil /S'a having the same dimensions as /So. 
The distance between /S'l and /S'a is chosen the same as that between /Si 
and /S 2 . A circuit of the same dimensions and resistance as the indicating 
circuit is then constructed and joined to /S'o. If this causes no change in 
the deflection of the instrument in the iudicatiiag circuit at resonance, 

* For the devclopinont of tbis method as applied to damped oscillations (see 



and Pe/f rospoetively, then R = j -- 


Reff 
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then the indicating circuit has no effect upon the decrcineiit of the measur- 
ing circuit. 

This condition can not be obtained when using hot-wire tlierinomc^ters 
or commercial hot-wire meters, with which the decrement is largely 
dependent upon the indicating circuit and its degree of coupling to the 
measuring circuit. The values of obtained in calibration therefore 
hold only for those coils 8i and 8% used in calibrating and only for the par- 
ticular position of those coils used during calibration. 

77. Measurement of Small Changes in the Decrement. — The method 
— change in the current effect at resonance — given in Art. 76, may also be 
•used to advantage where small changes in the decrement (e.i/., as caused 
by eddy currents) are in question. 

a. Equation (2), Art. 76, when dg is known, z.e., with calibrated meas- 
uring circuit, may be used to determine any change d' in the decrement, 
whether in the primary or in the secondary circuit. This gives th(^ 
decrement change with much greater accuracy than by obtaining it 
from the resonance curve.*’' 

&. Sometimes, particularly for comparisons, it is very convenient to 
use the ‘‘equivalent resistance,’’ instead of the change in the dec-roment, 
d', produced by some such cause as e.gr., eddy currents. The equivalent 
resistance is that resistance, which would have to be connected into 
the circuit to increase the decrement by d'. 

This equivalent resistance, JB', can be calculated from equation (1), 
Art. 76, ^.e., from the measured increase of the decrement, d', and the 
dimensions of the circuit. 

If only R' is desired, it is much simpler to apply the method given 
above as a compensation method. For instance, assume a conductor 
brought near the secondary circuit has caused a reduction of the defl(^(^- 
tion in the indicating circuit from a to a'. To deter mine its equivakuit 
resistance, the conductor is removed and resistances inserted in the 
secondary circuit until the doflection at resonance again falls from ar io 
a'.f The resistance having this effect is R\ 

78. Measurements with Resonance Circuits in General. — a. For the 
excitation or production of the oscillations in the primary circuit, four 
methods are available in the laboratory, viz. : 

1. Undamped oscillations by the arc method. 

2. Excitation by a quenched spark-gap circuit (Fig. 162). 

3. Impulse excitation [d]. 

* Other things being equal, the accuracy of the determination increases as the 
sum of the decrements of the primary and secondary decreases; hence it is advisable 
to use a quenched spark-gap circuit for producing the oscillations [Art. 78c]. 

t The frequency may be influenced by the eddy currents in which case it nuist be 
brought back to its original value by suitable regulation. 
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4. the conclojisor in th(5 primary circuzit ami (lin(4iarg‘iii^ 

lliroiifjih a spai’k {*:ap. 

The requhite condition uiulorlying the (upiaiions of Ai'ts. 70, 74 ajid 
76 aro: 

1. Tho primary ostallaiion musi. ho. of constant froqiKuuy. 

2. The anzplitiide curve must be (utluu* a strai^iiht line jzarallel to th<z 
axis of abscissoe (imdamped oseilhitions) or an exponential curve. 

Noneof the methods of excitation ftlvcui above strictly fulfills both re- 
quirements. The form of the zxisonam^e (Uirve j»'ives some indi(^a.tion of 
how iHUirly they ar<^ fulfilled [Art. 75]. Ilem^e even wlnuz the measiin^- 
zrients do not absolutely m^u^ssifa-te it, it is advisable^ to plot tlu^ 
resonance curve. 

To these z*equirements should Ix^ a.dd<xl anothei*, of fj;roat prac^ticwil 
importance, viz., eondant ampliludo and frequency of dmdinnfc. If 
these are not (lonsiant, th(\ fluctuations of the instruments will prevent 
ac(uirate measuremenls [also see f/j. 
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h, '^rhe pr(\s(uu*e of upp(u* harmonic oscillal ions of hif>:her frexpamey in 
addition to the fundanuxd a.l, wlum usinj 2 : the arc vicUiod for luidmupcd 
oscillalions (( ■hap. do(^s not f;’(*n(M’a.lly int(‘rf('re if tlu^ S(’<x)ndai’y is 

a condenser (circuit.'*’ Ihit if the fi^xpuMicy of iho fumhunental oscilla- 
tion is not entirely constant, its flucdauit-ions will ca,us(' a wid(‘ninf»: of tla^ 
Z'csonance (Uirve and appHcaillon of th<^ (xpiaiions of Art. 74 will ^■iv<^ too 
high a value for the d(xa*em(mt. Tlie (U'rors, howewer, whi(4i oevur in 
this way with arcs especially int(Mid(xl for nuxisunanents [Art. 125], once 
skill is attained in tluar manipuhition, an^ not large. .Ihit, wlnit is most 
unsatisfactory, is not so much the avea-age amount of tlu^ error as the un- 
certainty of its extent at any ])arti(Mjlar iiisi.ant. Aziotlua* disadvn-ntagx^ 
of the arc method is the difficulty of keejzing tlu^ am]>lit\ule suffudently 
constant. 

Otherwise, measuroinonts, particnilarly of th(^ decrement, arc^ (^spe^- 
cially convenient and simple with undamped oscillations. 

* With an open secondary circuit (antenna) this may cause clistiirbanc.c if an 
upper harmonic of the secondary should happen to bo in rcHonanco with an upper 
harmonic of the primary circuit. 
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c. If the primary oscillations are induced by naeans of a qiLenched 
spark-gap circuit, then from the moment the oscillations in the gap cir- 
cuit stop, those in the primary circuit fulfill the requirements given above, 
viz., the frequency is absolutely constant, the amplitude curve is an expo- 
nential curve.* Hence the resonance curves obtained by this method 
have the normal form as shown in Art. 74. 

Excitation by means of a quenched gap circuit, moreover, has the 
great advantage that the oscillations in the primary circuit are much less 
damped than they would be if the primary circuit included a spark gap. 
In addition, a very high number of discharges per second may be used. 
This increases the current effect to such an extent that the coupling 
between the primary and the measuring circuit and also between the latter 
and the indicating circuit, if one is used, may be made very loose. 

The regularity of the oscillations depends upon the kind of gap used. 
The mercury arc lamp and especially series gaps in hydrogen are well 
adapted for the purpose. Also the series spark gap of Telefunken 
with disc-shaped silver electrodes in air [Art. 111c], as well as Peuckert^s 
generator [Art. lllc] can be used to advantage. They are suitably 
operated by an alternating-current transformer (also an induction coil fed 
by alternating current), or a resonance coil. 

d. The third method impulse excitation of the primary circuit [Art. 
109d] is experimentally of extreme simplicity: a storage battery of a few 
cells and a suitable interrupter giving a high number of interruptions per 
second are all that is needed to produce the oscillations. To determine 
resonance in the secondary circuit a detector [Art. 61] with telephone or 
galvanometer is used, the simplest kind of detector, such as, e.g., is quickly 
made from a piece of galena and a point of graphite pressed lightly 
against the galena by a spring, suffices entirely. If the primary circuit is 
properly designed, its oscillations will be only very slightly damped. The 
high sensitiveness of the detector and the fact that the current effect 
(even though the oscillations have a small amplitude) is relatively large 
on account of the high number of discharges per second, permit extremely 
loose coupling between the primary and secondary circuits. Hence the 
various measurements based on the resonance principle [Art. 73] can bo 
made with this method just as accurately as with any method using the 
current effect. 

For determinations of the decrement from the resonance curve, this 
method is suitable only if the detector works with great regularity and is 
calibrated. 

e. The fourth method, namely, charging the condenser in the primary 
circuit and allowing it to discharge through a spark gap [Art. 1], has the 

* The presence of two oscillations up to this moment will interfere less as the 
coupling to the quenched gap circuit is made closer, i.e», the faster the oscillations in 
the latter die out.^®^ 
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advantage that the amplitude can be very easily varied over wide limits; 
its disadvantage lies in the fact that the amplitude curve of the resultant 
oscillations docs not approximate an exponential curve. Moreover the 
discontinuing of the oscillations in the primary circuit at a certain instant 
and the fact that the spark gap affects even the frequency [Art. 9] must 
bo taken into consideration. Entirely aside from the questionable value 
of determinations of the decrement of the 'primary circuit by this method, 
it is very doubtful to what extent we may draw conclusions frorn the 
resonance curve under these circumstances as to the decrement of the 
secondary circuit 

On the other hand, a great many determinations have shown that this 
method is entirely accurate for frequency measurements and gives at 
least approximately correct results for secondary decrements, on condition 
that such spark gaps as have been found to cause wide variations from 
the conditions existing in condenser circuits having no spark gap are 
avoided, i.c., spark gaps loss than 5 mm. long and having copper or silver 
electrodes, furthermore the following should be considered in regard to 
the primary circuit. The average value of i , obtained from the resonance 
(airvc [Art. 756*], does not correctly characterize the decrease with time of 
the amplitude in the primary, l)ut d(;fincs with sufficient accuracy the 
shape of the resonance curve and hence the sharpness of resoruince and 
the maximum current effect attainabh^ with the particular primary circuit 
in a loos(^ly coupled secondary. But these ai*e just the quantities on 
a(^(*.ount of which tlie decrement is of practic.al interest. The decrease in 
the amplitude itself is only of minor importance in practice. 

'Bo obtain the greatest possible reijularitif in the discharges only a low 
number of sparks per se(;ond sliould be used and partial spark discharges 
hi) avoided, assuming the use of metallic spark gaps in air.* Magnesium 
is (he best electrode material in air; tin, ziiu^ and aluminium arc less 
suitable; copper and silver arc especially bad for the purpose. 

The regularity of the sparks is affected by retardation of the discharge 
[Art. 425], so that all means for reducing the retardation tend to increase 
thii regularity. Subjecting the gap to ultra-violet light has already been 
mentioned in Art. 426 as one such moans. Another method is to attach 
a fine point (say a pointed wire) to one electrode (l^ig. 153). The position 
of the point can l)e so adjusted until the point discharge causes a very 
regular main discharge without materially changing the potential ampli- 
tude (W. Eickhopf^^^). If magnesium electrodes are used, however, this 
method usually need not be applied. An induction coil with D.C. supply 

* If a mercury arc lamp“^ or a metallic gap in hydrogen is used, many partial 
spark discharges may be used without resulting in irregularities; in this way the current 
effect can bo greatly increased. However, the much higher damping of such spark 
gaps is the bad part of the bargain. 
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and a mercury-turbine interrupter* or a large influence machine, but, 
best of all by far, a resonance coil with A.C. supply [Art. 114a] serve as 
suitable current sources. 

/, For the measuring circuit minimum damping offers the advantage 
that the frequency, due to the increased sharpness of resonance, as well 
as the decrement of any primary circuit can both be more accurately 
determined, other things being equal. 

If it is to be expected that the primary oscillations will be of relatively 
short duration (short spark gaps) then it would seem advisable to make 
the decrement of the measuring circuit about equal to that of the pri- 
mary circuit. 

g. To the requirements of a should be added the very important one : 
the coupling between primary and secondary circuits must be extremely 
loose, i.e., so loose that there is no appreciable reaction. 



Fig. 153. 



Fig. 154. 


Whether or not that is the case, can bo determined as follows. (Con- 
struct a condenser circuit {III, Fig. 154) of about the same dimensions 
as the secondary circuit and coupled to the primary circuit about as 
closely as the secondary is. If this causes no change in the current effect 
in the secondary at resonance, it follows that no appreciable reaction 
exists between the secondary and primary cir(;uits.^^® 

Commercial wave meters have sacrificed the fulfillment of these 
various requirements in order to make use of the convenient but rela- 
tively non-sensitive commercial measuring instruments. Hence the 
values for di + d^ [Art. 74] and for da [Art. 7G] obtained by them are, in 
general, too large. The error may amount to even 30 per ceiit.^^® It can 
be decreased by increasing the current effect in the primary, as this allows 
a looser coupling to obtain a sufficient deflection in the indicating circuit. 

The wires leading to the current source {e,g., transformer) must be 
connected directly at the terminals of the spark gap (thus in Fig. 2, at 

* It is advisable to use a motor of somewhat larger capacity than that generally 
supplied by the iiianufacturers and to mount a fly-wheel on its axis. 
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the points Fx and F^, and not at A and J5), as otherwise the damping of 
the primary cireiiit may be considerably increased. 

i. If a revolving coil, mirror galvanometer is used in the indicating 
circuit, it is usually advisable to ground the coil. Otherwise the coil 
may become charged and react similarly to the needle of a quadrant 
electrometer. 

79. Commercial “Wave Meters”. — a. Wave meters, which arc 
siinply commercial constructions of the measuring circuits described in 
Art. 71, arc arranged for one or more of the following duties: 

1. Determination of the natural frequency of any oscillator and 
through this, of the capacity, the self-inductance, the mutual inductance 
[Art. 73], and the degree of coupling [Art. 87]. 

2. Determination of the decrement of any circuit. 

3. Production of oscillations of any desired frequency (the wave meter 
used as primary circuit). 

These arc all based on the resonance principle described in Arts. 
70 and 74, Hence the essential pai’t is a (jondenser circuit whose fre- 
(pu^ncy can be continuously varied ov(U' a known range. For this purpose 
wtiv(^ meters have eithcu* 

1. A condenser of continuously variable (capacity and one or mor(^ 

coils of fixed self-inductance Tklkfunken (kj.,^22 Marconi 

C^). '“•*), or 

2. One or more (^oiuk^nsei’s of fix(Kl capacity and a (H)il of variables 
S(^lf-iii(luctan(^e (“ variometer ’0 (c.r/., (i. Smirr [(k Loiuonz^-^], Ives, 
DE Forest), or finally 

3. Both capaciiy and S('lf-indiic-tanee are variable, in some cases the 
movable parts of the condemser and the inductive (^oil being linked so 
as to mov(^ in unison (c.r/., ,1. A, TTemincj’s Kymoiiieter, P eri^^®). 

The movabh^ parts are usually providc^d with a i)ointer moving over 
a scal(^, whi(^h mostly permits a dinud- reading of the wave-length (or 
frcHpiency) at ea.eh position of the i)ointer. 

b. To measures the fn^piem^y (or wav(Mength) of an oscillator, e.g., a 
condenser circuit, the wave meter is set up m^ar it and the wave metcr\s 
frecpiency varied until it is in n^sonance with the oscillator. Resonance 
is indicated eith(‘r by 

1. The lighting of a Geissler tube, or 

2. The maximum deflecdion of a measuring instrument (e.g.j hot- 
wire meter) connected directly into the measuring circuit or coupled to it, 
or 

3. The maximum sound intensity in a telephone which is connected, 
together with a detector, in parallel to a portion of the measuring circuit 
or which is in a separate indicating circuit. 

Some wave meters have several of these arrangements provided at the 
same time. 
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c. The decrement of an oscillator is rarely determined in practice by 
the resonance curve method of Art. 74a, it- being customary to employ 
the simplified method given in Art. 746, using the measuring instrument 
mentioned in 62 [Art. 79]. Both methods give the sum of the decrements 
of the oscillator and the measuring circuit; the latter either being known 
or found as per Art. 76, the oscillator decrement follows. 

Another method, which gives approximate values of the decrement 
without the use of an actual measuring instrument, only employing a 
detector and telephone, is that used in the Marconi “Decremeter.” 
It is based on the equation of Art. 74a2, 


di di <= 2jr 



1 


The arrangement is shown diagrammatically in Pig. 155. The 
measuring circuit contains a variable condenser, C, a self-inductance, L, 
a small coil, Lz, which can be either connected into the circuit or else short- 
circuited, and a coil, Lj, having thirty-two turns of heavy wire. The; 
coefiicient of self-inductance of Lz is so chosen that by the introduction 

of this coil the frequency of the 
measuring circuit is chang<!d 
by 4 per cent., this change, a.s 
shown in Art. 3, being indepen- 
dent of the capacity of the cir- 
cuit. The detector, D, and 
the telephone, T, with the cell, 
111, are shunted across the coil 
Li from its end A to the sliding 
contact S. 

In order to dehn'inino the 
decrement of an oscillator the 
measuring circuit, without the 
coil Lz, is first brought into 
resonance with the oscillator (maximum sound intensity in the tele- 
phone). Then: 



1. The measuring circuit is put out of resonance to the extent of 4 
per cent, by inserting Lz, and the tone in the telephone noted with the 
sliding contact at B, i.e., with thirty-two turns of La in circuit. Let IV/ 
be the current effect in the measuring circuit under these conditions. 

2. The coil Lz is again cut out, bringing the measuring circuit into 
resonance again. The sliding contact, is then displaced until the tone in 
the telephone is just as loud as it was in 1. Lot n bo the number of turns 
now between A and 8, and let lA/r be the cuiTont effect in the measuring 
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circuit. Provision is nuido by suitable arrangements for quickly obtain- 
ing the conditions of 1 and 2. 

In the arrangement of Fig. 155, the current amplitude in the detec- 
tor during each period is proportional to the current amplitude in the 
measuring circuit and to the number of turns in parallel with the detec- 
tor. Hence the current effect in the detector must be proportional to 
the current effect in the measuring circuit and to the square of the number 
of parallel turns. Therefore, if the detector action depends upon the 
current effect, and if the tone in the telephone and therefore the current 
effect in the detector is the same in both cases 1 and 2, then we have 



Fiu. 150. 


■ Applying this to Art. 74a2, we obtain the sum of the 
decrements of the oscillator and the measuring drtaiit: 

di + da = X 0.04. 

\ /32\ 


ih 


2 

) - 1 


d. In order to use a wave meter as a 'primary circuity either 

1. Small spark gaps are inserted in it so that oscillations may be pro- 
duced by means of an induction coil, or 

2. Means are provided for producing oscillations by impulse excita- 
tion [Art. 109], 

c. Only a few of the many types of* commercial wave meters can be 
described hero. Probably that of J. Zennecic^^? the first used in 
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The measuring circuit (Figs. 161 and 162) consists of a fixed self-iiiduc- 
tauco, L, and a variable condenser having one fixed, C, and one movable, 
CS set of plates, the latter being rotated by a motor. This also rotates a 
small helium tube. A, over a scale, B, the tube being connected in parallel 
with the condenser. The rotation of the movable element of the con- 
denser causes a continuous variation in the frequency of the measuring 
circuit. At that position at which the measuring circuit is in resonaiujo 
with the oscillator under observation, the tube becomes illuminated and 
a bright line is seen on the scale at the point where the helium tube is at 
the instant of resonance. By indicating along the scale the wave-lengths 
of the measuring circuit corresponding to each position of the rotating 
clement, the instrument becomes direct-reading. Two forms of this 
wave meter are shown in Figs. 163 and 164. 

2. RESONANCE CURVE OP THE DYNAMOMETER EFFECT 
(L. Mandelstam and N. Papalexi^^o) 

80. General. — a. Assume a movable coil, 8 * 2 , in a vertical piano, 0 .( 7 ., 
suspended on a vertical wire, placed within a fixed coil, /Si, also in a vor- 
tical plane. If a current Ii is passed through Si and Jo through /So, the 

turning moment to which tlu^ 
movable coil is subjected 
If Ji and I 2 vary rapidly with 
time, as e.g., in high frequeiuy 
alternating currents, the coil will 
in general not respond to ih(^ 
rapid variations and its motion 
will bo detormined by the avcM-ag(^ 
turning moment, i.e,, the averages 
___valu(^ of Ji/g. This average valiK^ 
is called the “dynamometer effect,” 71 / 2 ’^*^, from the use of this arrange v 
uxent of a movable coil in the field of a fixed coil in the well-known 
dynamometer type of wattmeters. This arrangenaent also always makes 
it possible to measure 

b. Assume now, as in Art. 70, that a primary circuit of constant fre- 
(lucmcy (and wave-length) acts inductively upon a secondary circuit 
of variable wave-length, e.g*, an adjustable condenser circuit. Ijot Ii 
and 1 2 represent the currents in the primary and secondary circuits re- 
spectively, The dynamometer effect of the two curreixts is measured 
and a curve plotted in which the abscissse are the wave-lengths (or 
capacities) of the variable secondary circuit, the ordinates being the 
(!orresponding dynamometer effects. 

The resulting curve will be of the form shown in Fig. 165; as may bo 
shown theoretically^^o curve passes through the Qicie of dbsci^e(^o when 
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the wave-length of the secondary circuit is equal to that of the primary, 
/.c., when the two circuits arc in resonance, 

c. The form of this resonance curve, similarly to the current effect 
curve [Art. 70c] depends on: 

1. ^The sum of the decrements of the primary and secondary circuits. 

2. The degree of coupling betwexm the two circuits. 




The cffe(^t of the size of the decrement is shown by curves I and II of 
IOC* and tlie effect of the penjcntage of coupling is shown l)y curves I 
and II of Fig. lOT.f In tlu'se curves the abscassa^ are the dissonance 
values, 

__ Xa - X,. _ I / C 2 — (\ 



d. If the coupling between primary and secondary circuits is extremeb" 
loose, we have the following relations (Fig. 108) : 

1. Let xi and X 2 be the dissonance values at which the dynamometer 
effect has its maximum positive and negative values respectively. Then 

(^1 + ^2 = %vXi = 27rX2 = 27r"““^- — ^ 

* I :di^ 0.05, da 0.01; // :di = da - 0.01, 

t di = 0.05, da “ 0.01; / ; coupling extremely loose; II :K^ « 0.3 per cent. . 
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2. If a line is drawn parallel to the axis of abscissiB and intersecting tlio 
resonance cm-ve at the points whose abscisste are x' and .r", then 

di + <k — ^Tr's/x'x” 

81. Determination, of the Frequency (Wave-length). — a. A method 
for determining the frequency (wave-length) of a primary circuit follows 
directly from Art. 806. The primary is caused to act inductively upon a 
measuring cireuit through an extremely loose coupling and the dynamome- 
ter effect Tji of the primary current h and the measuring current /a is 
measured. The frequency of the measuring circuit is varied until the 
dynamometer effect becomes zero. That frequency (wave-length) of the 
measuring circuit at which tliis occurs is the desired frequency of the 
primary circuit. 

6. Instead of leading the primary and measuring currents directly 
through the- dynamometer, it is more convenient to have both circuits act 


Primary Cirouit 


Maamrinff Circuit 





inductively, through as loose a coupling as possible, upon two coils, >S[i and 
S 2 (Fig. 1G9) which arc connoct-cd to tlic dyiianiomotcr. It can 1)(» 
showii^^® that the dyiiamoinotcr elT(^ct of the cuiTonts induocjd in 
these coils follows practically the same changes as 

c. Wave-length (or frequency) detorniination by inoans of the dyna- 
mometer effect has the following advantages over the determination l)y 
means of the current effect [Art. 7.1], 

1. It is much more accurate. In the current effect method we work 
around the peak of the resonance curve and slight variations in th(5 
frequency cause but very slight (percentage) changes in the deflection. 
Hence, in order to obtain the exact point of resonance it becomes prac- 
tically essential to plot the resonance curve or at least its upper part. The 
dynamometer determination, on the other hand, is a zero method. The 
slightest deviation from resonance produces a noticeable deflection in 
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tho measuring instrument. The dynamometer method is therefore to 
be used wherever small chamjeii in the freque7icy (or in the capacity, dielec- 
tric constant or coefficient of self-induction [Art. 73]) are to be measured; 
in accuracy it surpasses by far all other methods. 

2. The accuracy of frequency determinations by means of the current 
effect method, depends upon the accuracy with which the resonance curve 
can be obtained, i.c., upon the regularity of the discharges per second and 
the amplitude. The dynamometer method is independent of both these 
factors. 

82. Decrement Determination. — This is based upon the relations 
described in Art. 80d. As in the case of the current effect method, the sum 
of the primary and sec^ondary d()crements is obtained. The connections 
are those shown in Fig. 109, with the stipulation that the coupling between 
the primary and measuring circuits must be extremely loose. 

a. To find the sum of tlie decu’ements l)y Art. 80dl, the wave-length, X 
(capacity, C) of the nu'.asuring circuit is varied until the dynamometer 
effect is a maxiniuin either on the positive (X = Xi, (7 = Ci) or the nega- 
tive (X = Xa, (7 = To) side. Tlu^n, if X,. and TV are tlie respective values of 
X and C at n^souance, /.c., wIumi the dynamoiiu'hM' (dT(u*t is zero, we have; 


di (l‘i 



2 Xi — Xa 

= n,j)pr()X. TT 

Xr 

IT (\ — 

= approx. 2 


With this inei.hod it is not n(u;(\ssary to detcTmine tlie entire resonance 
curve. However, for most i)urposes tlu^ iiK^thod is sufficiently accurate, 
as it is relatively easy to sliari)ly locwilx^ a maximum and as tlie absolute 
value of the deflection at the maximum has no bearing upon tlie results. 

b. If great accuracy is of importance, the method based on Art. 8()d2 
should be cmploycul. Tlu^ resonan(^i‘. (uirv(^ is plottiul with cither the 
wave-lengths or capacities of the nu^jisuring ciinmit as abscissa). Then a 
line is drawn parallel to the axis of abscissae and inl-i^i’secting the curve at 
two points whose abscissie are X' and X" or C' and respectively. Then 
if Xr and CV are the resonance values, we have: 


di + (k 


Uc' - CV\ I C" - Cr \ 
C' /A C" ) 


83. The Dynamometer. — Modified forms of the ordinary dynamome- 
ters may be used for measuring the dynamometer effect, a fixed and a 
movable coil, the latter suspended on a bronze strip and provided with a 
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mirror similarly to the coils of a Deprez-d^Arsonval mirror type instru- 


ment. Both coils must have only 



a small number of turns. 

A short-circuit loop dyna- 
mometer’* (Maistdelstam and Papa- 
has given very good results. 

a. Its construction, for labora- 
tory purposes is shown in Fig. 170, 
its diagrammatic connections in 
Fig. 171. Thez'c are two flat coils, 
Si and Szf pei’pendicular to each 
other and between the two, but 
coaxial with 82 an aluminium loop 
or ring with a small mirror is sus- 
pended on a fine thread. The two 
currents I'l and /'2 of Fig. 169 are 
sent through the coils 81 and S^ in 
order to measure their dynamozne^- 
ter effect. The resulting action is 
as follows: The current /'«, sent 
through 82 induces a current /», in 
the loop, which is in phase with /'o 
and proportional in amplitude to 
I'z, on condition that the indiictaiu^e 
of the loop is gi’catly in excess of 
its resistances. The current in aS'., 
causes no tiiriihig force to act on 


Pig. 170. loop, as 82 and the loop are 

coaxial. But the current jzass- 
ing through Si induces no cuiTcnt in the loop as their planes are perpen- 
dicular to each other; it docs, however, produce a torque upon the loop 
proporti^al to the dynamometer effect rj^ and hence 
also oc ^ 

This is true accurately only at the zero position of ||| T 

the loop. Careful analysis of the conditions, however, (\/l 

has shown that even when the loop has boon turned ^ 
from its positio n of rest through a small angle, its de- iL.|L- 
flection oc /'iZ' 2 - With the arrangement of Fig. 1G9, the ^ 

deflection is t 


- f 


6 + r . 


Fig. 171. 


in which b is the torsion moment of the suspension system, f is the number 
of discharge s per second and a and c are the constants of the apparatus. 
Hence ?? oc 
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h. If the torsion moment of the suspension system is made very small 
(qiuirtzi thread), the factor h in the equation of paragraph a becomes very 
small in comparison to f . Then we have 


§ = 


a 

c 


I\lS 

TkJs 


t.e.j 5 becomes independent of the discharge frequency, and tliereby 
independent of the more or less irregular operation of the interrupter, if 
an induction c.oil or interrupted direct current is used. 


3. USE OF RESONANCE IN THE STUDY OF CONDENSERS • 

84. Determination of the Frequency Factor. — The following will serve 
as a simple arrangement. Construct a primary circuit (condenser circuit 
Ij Fig. 172), having that frequen(\y at which the frequency factor of the 



Fkj. 172. 


condenser is to lie determined, (connect the test condenser, C, into a 
circuit containing a variable self-indu(;tance, ^S, by means of which this 
condenser circuit, 77, is brought into resonance with the primary circuit, 
7. Then replace C by a calibrated adjustable aii* c.ondenser and vary its 
capacity until circuit 77 is again in resonance with the primary. Then the 
capacity, C, of the test condenser is equal to that of the air condenser at 
resonance. Now find the capacity, of the test condenser for static 
charges (sec foot-note, Art. 72a). Then [Art. 5a], the frequency factor 
for the frequency in question is 



This method is easily modified in numerous ways to adapt itself to any 
given case. The only essential feature is the replacing of the unknown 
capacity by that of an air condenser (which is independent of the fre- 
quency [Art. 6a]) and maintaining resonance. 
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In applying this method it is important to choose the coefficient of self- 
induction of circuit II so that the frequency will not be appreciably 
affected by the currents in the condenser coatings or by such slight changes 
in the leads to the condenser as may be necessary in view of the different 
construction of the air condenser and the various test condensers. 

If it is desired to compare the frequency factors of a number of con- 
densers having different dielectrics, the same electric field strength in the 
dielectric should be used in each case, as this may affect the frequency 
factor. 

86. Energy Absorbed, by Dielectric Hysteresis.^! — a. The same 
arrangement as that of Fig. 172 applies. Assume the secondary circuit, 
II, which includes the test condenser, to be in resonance with the primary 
circuit and that the deflection of the measuring instrument in the indi- 
cating circuit is a'. The condenser, C, is then replaced by a variable air 
condenser which is adjusted until resonance is again obtained. Lot a b(‘. 
the instrument deflection which now results. Then from these values and 
equation (2) Art. 76, we obtain the increase, ri', in the decrement of tlu^ 
secondary circuit caused by the energy absorption in the condenser C and 
which characterizes the energy absorption of the particular dielectric 
material [Art. 13]. 

6. For comparing various condensers it may bo simpler to dotoi’miiK^ 
their equivalent resistance [Art. 776] by substitution. For this purpos(', 
after having replaced C (Fig. 172) by an air condenser and readjusted for 
resonance, sufficient resistance is connected into the secondary until tlu^ 
instrument deflection is again a'. This resistance, is the equivalent 
resistance of the condenser. 

c. In applying this method, which may bo modified in various ways, it 
is especially important to avoid eddy currents in the condenser coatings. 
Their effect can entirely destroy the accuracy of the results. Li con- 
densers in the form of Leyden jars it is quite difficult to avoid eddy 
currents, or even to determine whether the eddy currents have boon 
eliminated. A convenient safeguard, applicable only to jAato condensers, 
however, is to place the condensers in various positions or to use first zinc; 
sheet electrodes and then copper electrodes. If this causes no change in 
the instrument deflection it may generally be concluded that the existing 
eddy currents are negligible. 

d. In comparing the energy absorption of different materials it is also 
important to use the same electric field intensity throughout in the dielec- 
tric, as this may affect the result. Similarly only values obtained at tlio 
same frequency should be compared. 

86. The Brush Discharge of Condensers (W. Eickhoot^^^). — a. 
Curve a in Fig. 173 is the resonance curve of a condenser circuit whose 
condensers have no brush discharge; curve h was obtained with the same 
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circuit but with a heavy brush discharge from the condensers [Art. 14a]. 
The difference between the two curves is twofold, viz., 

1. 6 is not symmetrical, falling off much more rapidly on the side of the 
higher frequencies, while curve a is symmetrical. 

2. The resonance point (maximum current effect) in h occurs at a lower 
frequency (greater wave-length) than in a. 

Both these points are characteristic of condensers with brush discharge. 

h. The explanation of this phenomenon is to be found in the following : 

The brush discharge, by charging the uncoated portion of the con- 
denser, causes an increase in its capacity and a decrease in the natural fre- 
quency of the circuit. The effect, however, is not the same as when 
another second condenser is joined in parallel to the coatings of the first 
through a nu^tallic connection, 
for the conducting path be- 
tween the coated and un- 
coated portions really consists 
of the brush discharge itself, 
which jumps from point to 0.5 
point very irregularly. Hence 
the amount of the charge 0 ^ 1 ^ 
lield on i\m uncoated portion 
of the condemser is also con- ^ 
tinuously fluctuating. The 
irregularity of this parasitic 
capacity and its connection 
to th(^ (‘.Gated coiuhniser will i‘(^sult in a vaiying frequency whose maxi- 
mum value is det(n‘mined by the capacity of the coated portion."’ 

Hence, if su(4i a condenser (drciiit is caust^d to act upon a resonainu^ 
circuit and if the freqiuuicy of th(‘. latter is gradually decreased, the cur- 
rent effect will rise with relative I’apidity as soon as the maximum fre^- 
quency just mentioiu^d is approached. It will, however, retain compara- 
tively groat ^values as long as the frequency of the resonance circuit 
remains in the range of the frequency fluctuations caused by the brush 
discharge in the primary circuit. The result therefore is a widening 
of the resonance curve in the direction of the lower frequencies. 

c. The widening of the resonance curve indicates a considerable reduc- 
tion in the resonance shar'pness;^ it is caused mainly by the fluctuations in 
the frequency j as was shown in the preceding paragraphs. 

Hence the amount of the energy loss due to the discharge can not be 

* In all probability, these fluctuations in the frequency arc accompanied by varia- 
tions in the initial amplitude and irregularities in the fall of the amplitude during 
each oscillation. 

t The resonance sharpness is about 24 for curve a and about 10.6 for curve 
b in Fig. 173. 
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determined [Art. 78a] from the resonance curves which give only an upper 
limit for the loss. 

If the value di + dz is obtained from the resonance curves by applying 
the relations of Art. 74, there being no brush discharge on the condensers, 
and the value d\ + dz is obtained with a brush discharge on the con- 
densers, other conditions being the same, then the increase in the decre- 
ment due to the brush discharge can not be more than (d'l -|- ^ 2 ) ^ (di + 

dz) = d\ — di. 

However, the resonance 
curves may also be used for 
obtaining a quantitative value 
of the effect of the brush dis- 
charge on the sharpness of 
resonance. The equations of 
Art. 74 arc applied to the 
curve and di -f dz is deter- 
mined. Subtracting from this 
the decrement of the measur- 
ing circuit, dz, wo have rfi, 
which may bo considered as 
being the decrement of a 
condenser circuit having no 
brush discharge but having 
the same remna'ncG sharp- 
ness.^ 

this way (W. Eicichoff^’^'*) is 
shown in Fig. 174 for Leyden Jars of German flint glass.f Th(^ thr(M^ 
full-line curves show the relation of di to the potejitial amplitiuk^, firsl. 
with the capacity consisting of a single Leyden Jav,J then with 2X2 
Leyden jarsf connected as in Fig. 12, and lastly with 3X3 jars,t con- 
nected as in Fig. 13, the outer circuit remaining the same for each cas(‘. 
In the first case the entire potential difference exists between the con- 

*The actual reduction in ainplitudo (iauHe<l by tlio brush discharge (lo( 3 s not 
come into question. 

tM. Wien’’ has found the following apimriait innroiiso in the deci-oinont duo to 
brush discharge: 


Potential nmplitudo Loydon jiii’H of lOngliKli Jarn irindo by 

ilint gluHa n, Boas, 

0.9 X 10^ volts 0 . 008 0 . 002 

1 . 55 X 10^ volts 0 . 028 0 . 002 

2.2 X 10^ volts 0,0(34 0,007 


t All the jars had practically the same capacity^ so that the resultant capacity 
in the various combinations remained just about the same. 



in mvi 

Fig. 174. . 

The result of measurements made in 
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denser coatings; in the second case only one-half; in the last case only 
one-third. The brush discharge is accordingly greatest in the first and 
least in the third case. 

The uppermost curve shows how very detrimental the effect of brush 
discharge may be to the resonance sharpness. A comparison of the 
three curves shows that this harmful effect may be combatted by 
series-parallel combinations of the condensers [Art. 4(i], 

As a matter of fact, such series-parallel combinations of equal con- 
densers can produce tlie desired result only if the apparent increase in the 
decrement due to brush discharge with increasing potential varies more 
rapidly than If it « V a simple (consideration will make it evident 
that nothing is gainced (L. W. Austin l)y series-parallel combinations. 
Above what potential the apparent decrement increase rises more rapidly 
than Vq^ depends upon the form and material of the condensers. 

d. As these seiies-parallel connecctions involve considerable compli- 
cation, it is d(\sirable to ov(crconi(c brush dis(charge in some simpler way. 
This may Ixc accomplished by placing the ccondensccrs, or at least the edges 
of theeir coatings, in a heavy oil. 'llie (cxtccnt to which this can reduce the 
detrimental effect of brush disccharge is shown by the dotted curve in 
Fig. 174. 

However, this is a dangcci’ous nucthod. For, if the voltages are not 
comparativccly low,* the c-ondccnsccrs ar(c almost c(U'tain to biuak down. 
Bad as a brusli discliarg(c may be it has one good feal ure about it, namely, 
a certain protcciion against bneaking down of tluc cond(cns(TS. 

e. From the pncceding, we may draw ccj'tain conclusions of practical 
importamuc, viz., 

1. l)isplac(unent of the point of resonamce [a2], other things being 
(Hlual, increases togcUher with the ]:)ot(cni.ial amplitude, in fact is pro- 
portional to it imd(cr tluc conditions api)Iying to such investigations as 
have bcien made. Hemce, as brush discharge can not be entiiuly ovei'- 
come in primary (urcaiil-s, the tuning b(dw(H>n i)riinary and secondary 
must be done at the sanies potential at which the circuits will bo used 
latoj*. 

2. The influences of l)rush discharge in cylindrical condensers becoim^s 
less according as the diameter is made smaller in comparison to the 
length, other things remaining equal, as this makes the parasitic capacity 
smaller in proportion to the normal capacity. Hence, from this point of 
view it is better to use lo7igj narrow than short, wide jars. 

3. Thickening the uncoated end of the condensers (Leyden jars) 
also reduces the parasitic, capacity and the effect of the brush discharge 
(see Art. 39Z>). 

* 'With the boat flint glaaa, 5 niin, in thickness, 30,000 volts (corresponding to 
1 cm. gap) is the extreme limit. 
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4. THE USE OF RESONANCE CURVES FOR INVESTIGATING COUPLED 

CIRCUITS 

(J. Zl3NNECK,l C. FiSCHBK/“ M. WiKN”") 

87. Coupling of Tuned Circuits. — ^Determination of Frequency, Dec- 
rement and Degree of Coupling. — If the oscillations of coupled, timed 
circuits [Art. 56, et seg'.] are caused to act upon a measuring circuit, reso- 
nance curves of the form shown in Fig. 176 will be obtained, if the cir- 
cuits are quite closely coupled. The relations of Arts. 71 and 74 may be 
applied to both of the parts of these curves. The location of the two 
peaks gives the values of the frequencies and (and the wave-lengths 
and of the two oscillations, the form of the curve around the 
two peaks gives the decrements and and the degree of coupling 
[Art. 95] is 



Fkj. 175. 



in which N and X are the frequency and wave-length respectively of both 
circuits before coupling.* If the coupling is not very close this may be 
simplified into 

A- = 

X 

Table X gives the values of K' for different ratios of the frequencies. 
With loose coupling, however, the resonance curves assume the shape 

* If C^, and C represent the capacities at the measuring circuit corresponding 

■r 1 GI2’ — n 117 

to the wave-lengths X^^ and X, then Jv' = g g,- 
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of the full-line curve in Fig. 176. The two peaks do not, in general, occur 
at the points corresponding to the two frequencies. Hence and 
(as well asX"^ andX^'^) cannot be determined from the location of the peaks, 
nor can the decrements be found by applying the methods of Art. 74. 
In this case we must pi'oceed as follows.^^® 

a. The method in this case is based on the fact stated in Art. 616 
that of the oscillations of the same frequency 

I i 1 arc approximately in Ii^ 1 are displaced approxi- 
7/ J phase. J mately 180°. 

This relation makes it possible to practically eliminate the effect of one 
of th(', pairs upon the measuring ciremit, subjecting the latter only to the 
other pair. 



Fia. 170. Fk;. 177. 


h. The arvauijement is shown diagrammatically in Fig. 177. Small 
wire loops, Ki and /vo, arc conneetcid into the primary and secondary 
circuits respectively, and similar loops. Mi and Mg, are joined to the 
measuring circuit (777). 7vi acts inductively only upon Afi, only upon 
ilfa. 

The 'phase relations of the electromotive forces, jE, are the same as for 
the corresponding currents, and we have approximately 

' in phase, -Jn ' displaced 180°. We will assume that these rela- 

J Ez 

tions instead of being only approximate are exact. 

The amplitude of these electromotive forces, aside from depending 
on the currents Ii, l/, etc., also depend on the distances between K\M\ 
and KiMi. If these distances are adjusted until the amplitudes of Ei^ 
and Ei^ are equal, then E\^ and Ei^ will neutralize each othef 
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The result is that oscillation JJ (frequency iV^^) has absolutely no oifect 
upon the measuring circuit, which acts as if only the oscillation of fv(v 
quency and decrement existed. Hence if the resonance curve; is 
plotted in this way, it will represent only this one oscillation, and oi- 
and can be obtained from it in the usual way. 

To obtain the opposite effect, that is, obviate oscillation I so that 
only oscillation II wiU be measured, all that is necessaiy is to revolve tlu; 
loop Ml (or else Mi) through 180° and then proceed just us before; 
and Ei now neutralize each other while Ei^ and E^^ are added to cacdi 
other. 

c. The method of -procedure therefore is as follows, l^irst a rosonaiuu; 
curve is plotted, having, in general, two maxima. Then the distaiuu; 
between Jkfi and Ki (or Mi and is varied until only (me maxiitmni 
remains in the resonance curve, all indications of the second peak having 
disappeared; the curve is then the resonance curve of one oscillation. 
Then Mi is turned through 180°. If a trace of the former niaxiimnn 
remains, it should be eliminated by a final adjustment of the distance; 
between Mi and Ki (or Mi and Ki). The curve then is the resonance 
curve of the second oscillation. 

The dash and dot-and-dash curves of Fig. 176 were obtained in tliis 
way. They are the resonance curves of the two oscillations; from th(;m 
may be obtained the frequencies and the decrements ami 
and the degree of coupling K', 

d. In the practical application, the loops Ki and A'g may be entirely 
omitted, the primary and secondary circuits being us(;d in tlu;ir normal 
form to act upon flfi and Mi. The latter, however, i.e., loops M i iind Mi, 
are best retained, as they simplify the manipulation. The following 
points should also be noted: 

1. Moving ilfi (or Mi) must not change the self-induction of tin; 
measm-ing circuit. This is provided for by placing the l(;ads e()nne(;ting 
these loops to the rest of the circuit of wires very close i,og(;tlu;r. 

2. For precise measurements it is important to entirely oliminat;; ( la; 

effect of the oscillation other than the one whose rcsomuice curve is being 
determined. This can be done as follows: Assume oscillation 11 is l.o 
be eliminated, after an approximate value of has been obtaim;;! ns 
described above. The measuring circuit is adjusted to have this fre- 
quency Then the loops Jkfi and Ki arc adjusted with resp(;<;t to 

their relative position, until the electromotive forces Ei^ and Ei^ arc; 
added and the current effect in the measuring circuit becomos as urml as 
possible. Only then is Jlfi turned through 180°; this procedure wilt 
result in a much more complete elimination of oscillation II thim before.* 

* The neoe^ity for this precaution is due largely to the fact that the doflcctious 
of the measuring instruments which can be used for this purpose depend upon tlu; 
mean square of the current value. Even when the effect of oscillation 11 is not 
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e. The accuracy of this method is very high so far as determinations 
of frequency and degree of coupling are concerned. But in view of the 
assumption made in h not being strictly correct, the values of the decre- 
ments and found in this way may involve considerable errors, 
the extent of which can hardly be fixed in each case (B. Macku^’"*®). 

88. Close Coupling of Tuned Circuits. Current Effect in a Third 
Circuit. — Consider a secondary circuit tuned to and closely coupled to its 
primary and at the same time very loosely coupled to a third (measuring) 
circuit. Two questions present themselves, viz.. 


1. How does the total current 
effect in the third circuit depend 
upon the latter^s frequency? 

2. If the third circuit is synto- 
nized with one of the oscillations of 



0 0,1 O.a 0,ii 0,h 0.5 



Fid. 17S. 


Fid. 170. 


the secondary circuit, how doi^s ilu^ (uirront epfei^t in the third circuit de- 
pend on the coupling between th(^ primary and secondary circuits? 

a. The answer to the first question follows directly from Art. 87. The 
heavy full-line curve of Fig. 170 shows how the cuiTont effect in the third 
circuit depends on the natural freipiency of this circuit. Comparison with 
the dash and dot-and-dash lines (the resonance curves of the individual 
primary and secondary oscillations) shows that the maximum current 
effect in the third circuit does not occur when it has the same frequency as 
one of the oscillations in the secondary circuit. The maximum for the 
slower oscillation occurs at a somewhat lower frequency, that of the more 
rapid oscillation at a higher frequency. 

The curves of Fig. 176 represent quite a loose coupling (K' = 0.028). 

sufficient to show signs of a second maximum in the lower portion of the resonance 
curve of oscillation 7, it may nevertheless greatly influence the shape of the upper 
part of the curve, 

^0 
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The closer the coupling becomes the more nearly do the maxima of the 
current effect in the third circuit coincide with the frequencies and 
of the oscillations in the secondary circuit. 

6. The curves in Figs. 178, 179 and 180'^* show the relation of the cur- 
rent effect in the third circuit to the percentage of coupling, first with the 
third circuit tuned to the more rapid oscillation (/), then to the slower 
oscillation (71). These curves show: 

1. In all cases there is a very decided maximum current effect for both 
oscillations, always occurring at a relatively 

very low frequencyt The less the damping ' ^ ^ ^ ^ ' \ \ \ \ 

of the secondary and tertiary circuits, the s 
more decided is the maximum. 

2. Up to this maximum there is no notice- ?i 
able difference between the more rapid (7) and | 
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the slower (77) oscillation. But as the coupling is increased beyond tlu\ 
maximum, the oscillation of the higher frequemy (7) may prodiK^e a 
considerably greater current effect than the slower oscillation. 

The curves of Figs. 178, 179 and 180 were all obtained with primary 
circuits having a spark gap. The conclusion (2) just drawn from tlui 
curves would in fact not apply otherwise. If the primary circuit lias no 

* Fig. 178: Cl = Ca = 0.85 X 10~WF. Lx = Hi = 22,000 (5ni.; di = 0.11 


a: ri. = 0.14 
* = 0.10 

Figs. 179 and ISO: Ci = 5.20 X 10-»M'’. 


b: (h = 0.20 

da = 0.20 

Li = 0,230 cm. \ , 


Ca = 0.45 X lO-WF. u = 73,000 cm. 


di = 0.15 


Fig. 179a: dj = 0.034 Fig. 1796: da = 0.10 

da = 0 031 da = 0.10 

Fig. 180c: di = 0.21 Fig. ISOd: da = 0.37 

da = 0.20 da = 0.31 

Fig. 181: The letters correspond to the same conditions as in Figs. 179 and 180. 
Length of primary spark gap about 6 mm. 
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ayarh gap, theory®® shows that the current effect must be the same for both 
oscillations, 

c. It may at times be interesting to compare the current effect in a 
third circuit tuned to one of the coupling oscillations with the total currerit 
effect in the secondary drcuiL The latter's variation with the coupling is 
shown in Fig. 181 for the same circuits referred to by Figs. 178, 179 and 
180. 

The use of very short spark gaps (less than 1 mm.) alters those condi- 
tions materially. In this case, as the percentage of coupling is gradually 
increased, the current effect in the secondary circuit may pass through a 
succession of maxima and minima. Careful investigation has shown that 
the maxima are due to particularly thorough quenching, the minima to 
particularly poor quenching in the gap of the primary circuit (H. 
Rieggeh).^ 

With thorough quenching in the primary gap, the current effect in the 
secondary may, under certain conditions, bc^ gi*eatc^st when the primary 
(luenchcd gap circuit is slightly out of resonance with the secondary 
circuit,^®® This, however, is by no means universally tlie case; in many 
arrangements bringing the cij'cuits out of resonance does not in the least 
increase the current effect obtained at pi‘e(use resonam^e in the secondary. 

89. Coupling Untuned Circuits. Current Effect in a Third Circuit 
(M. Wien®®* ®“). — Conditions are sonHwhat alterc^d if tlu^ primary and 
secondary circuits have slightly difiereiit fr(Kpi<Mici(\s before being coupled, 
that is, are slightly out of r(^sonan(u>. 

a. Theoretical investigation lias led to tlie following conclusions for 
(urcuits without spark gaps. If the decrcmuMits di ami da of the primary 
and secondary circuits are diff(u*(ait Ix^fore coiqiling, it is jiossibk^, by 
bringing the two circuits out of I'csonance, to obtain a currcuit effecd. in 
one of the two oscillations which is greater than when the primary and 
secondary are exactly in tunc. 

1. If we have two possibilities, viz., either the current effc^ct 

of the more rapid oscillation (7) is increased when the primary has a 
higher frequency than the se(;ondaiy, or the current effect of the slower 
oscillation (77) is increased when the se(X3udary has the higher frequency. 

2. If di>do, what has just been stated for the more rapid oscillation, 
holds for the slower and vice versa. 

The increase in the current effect is greatest for a certain dissonance. 
This amount of dissonance, other things being equal, increases as the 
difference between and d^ increases and as the coupling is made closer. 
In general only about 20 per cent, increase in the current effect is the most 
that can be obtained. 

h. With a spark gap in the primary circuit the relations, so far as can 
be concluded from such investigations as have been made to date, are 
qualitativdy the same. But in general the strengthening of the current 
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t is not quite so great as for primary circuits without a spark gap and 
ir certain conditions the more rapid oscillation (J) seems to be the 
: favored. 

'0. Investigation of the Quenching Action in Spark Gaps. — The roso- 
56 curves of the current effect given in §1 are especially well adapted 
tudying the action of quenched gap circuits. For this purpose the 
adary circuit coupled to the quenched gap circuit, is in turn coupled 
loosely with a measuring circuit (Fig. 152) and the resonance 
e of the current effect is plotted in this way. 

.. If the resulting curve has the form of curve h in Pig. 182, the coup- 
oscillations are present and there is no quenching action. If, however, 

the result is like curve a of Pig. 
182, this indicates complete 
quenching and only the natural 
oscillations of the secondary cir- 
cuit are present. A resonance 
curve formed like curve C of 
Fig. 182 shows that in addition 
to the natural oscillations of the 
secondary, the coupling oscilla- 
tions are also present. 

This may be due to any of 
three causes. Either the coup- 
ling oscillations occur at one 
discharge, and qucii(5hing occurs 
‘at another. Or the oscillations 
in the secondary circuit are 
always of the same kind, l)ut the 
Lching action is not complete, ''impure,” i.c., the primary oscillations 
lot quenched until more than half an oscillation is completed [Art. 

These two cases can be distinguished by coupling the secondary 
loosely with a resonance circuit tuned to the natural frequency of the 
idary circuit. A small spark gap is connected in parallel with the 
enser in the resonance circuit and adjustc^d so as to respond regu- 
. This small gap is then placed alongside of the main quenched gap 
le primary and both arc observed in a rotating mirror. If the 
died spark gap is seen in the mirror first alone and then togc'.tluu’ 
the small gap and so on, we evidently have the first case (li, 

'he third possibility is the existence of a thorough quenching action, 
i very loose coupling. Then the duration of half an oscillation and 
e the time during which two coupling oscillations exist together 
:oot-note to Art. 78c] is so great that the latter become apparent in 
esonance curve. 
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h. From Art. 64 it follows that such observations as have just been 
descril^ed in a, offer a direct means of answering the question of the 
critical degree of coupling so important in practice, and thereby also the 
question of which of two spark gaps has the better quenching action. 
The coupling is made closer and closer; the critical and therefore the 
best degree of coupling is that at which the coupling oscillations have not 
yet appeared but are just about to become noticeable in the resonance 
curve. 

It was stated in Art. 64& that, under certain conditions, several 
critical degrees of coupling, at which complete quenching is obtained, may 
be found. In such cases a comparison of various gaps as to their quench- 
ing action is very difficult. 

c. The resonance curve also offers a simple means of determining 
whether a given method of increasing the quenching action (e.g., air 
blowers, magnetic blow-outs, the use of hydrogen instead of air, etc.), is 
really effective First a condition of impure quenching, in which the 
coupling oscillations are evident in the resonance curve in addition to the 
natural oscillation of the secondary circuit (curve c of Fig. 182) is inten- 
tionally obtained. If then application of the method to be tested causes 
the indications of the coupling oscillations to disappear from the reso- 
nance curve, this is proof of an improved quenching action. 
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THE ANTENNA 

91. General. — Just as in ordinary wire telegraphy, so in radio- 
telegraphy, a system of communication is essentially comprised of two 
stations, viz., the “transmitting’^ and the “receiving” station. Similarly, 
the collection of apparatus used for sending off telegrams is called the 
“transmitter” or “transmitting set,” while the corresponding apparatus 
at the receiving station is termed the “receiver” or “receiving set.” 

Every radio station has an open oscillator, the “antenna,” that part 
of the antenna which is suspended in the air being called the “aerial.” 
The transmitter induces electromagnetic oscillations in the aerial, whence 
electromagnetic waves are radiated in all directions; upon reaching the 
antenna of the receiving station those waves again produce oscillations in 
it, thereby causing the receiving apparatus connected to it, to respond. 

If a dot of the Morse Code is to be telegraphed, the electromagnetic 
waves are sent out for only a very short instant, while if a dash is to be 
telegraphed, the waves are sent out for a somewhat longer period. 

1. THE VARIOUS KINDS OF ANTENNiE 

92. Form of the Aerials, — a. The simplest form of antenna consists of 
a vertical wire suspended from an insulator: “simple antenna.” This is 
nothing more nor less than a straight lineal oscillator. 

These simple antennae arc* no longer used except in special cases, as, 
with portable stations, on airships [Art. 90] and aeroplanes and where 
balloons or kites are used to carry the wire, thereby allowing the use of 
great lengths. 

The successful use of the stremm of ivater as simple antennae (R. A. 
Fessenden the stream being maintained by a pump, is mentioned 
mainly as a curiosity. Such antennae, while very disadvantageous 
because of their high ohmic resistance’^* may nevertheless be useful in 
special cases of emergency in a fort or on a battleship whose normal 
antenna has been destroyed by the enemy's fire). 

6. The use of a large number of nearly vertical wires results in such 

* A transmitter having worked 480 km, with a wire antenna 40 in. high, worked 
over a distance of 160 km. with a stream of wator of about the same height as the 
wire antenna. 
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forms as the “harp’^ or “fan^’ aerial of !Fig. IBS'** and the conical or 
pyramidal form of Fig. 184. f Fig. 185 shows a cross-section of a double 
cone or double pyramid antenna. 




ifflaai 


VMm 


m 

mk 


Fia. 184. 


* The Italian Battleship “Carlo Alberto/' with which Marconi made long distance 
tests in 1902 (see p. 117, Zammarchi^). The large Eiffel Tower Station has a harp- 
shaped aerial, stretched from the top of the tower. Of course this may also be con- 
sidered merely as a sector of an umbrella antenna. 

t The early Poldu Station of Marconi for long distances. This antenna was long 
in use for transmitting telegrams to vessels plying between Europe and America 
(see p. 106, Zammarohi^). 
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ing 0 having very great capacity at their upper arc now 

1 , especially the so-called “umbrella antenna.” In its simplest 
insists of a vertical wire or bundle of wires, from the upper 
sh wires radiate downward in all directions, sometimes ex- 
te near to the ground. 

n used by the Telefunken in 1910 for the construc- 

Jauen Station is shown diagrammatically in Fig. 186. A tow(u* 



i, terminating below in a carefully insulated ball, serves 
pport the entire antenna and partly as a current carrier in 
with a bundle of wires with which it is conne<^ted. 
this tower was increased to a height of 200 m. (Fig. 187) 
the second antenna being shown in Fig. 188. In April, 
I a severe storm this tower collapsed. Shortly after the 
of an entire new antenna and towers was undertaken. 
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■ antenna is that of the Nation aTj Electric Signalling 
ower station at Brant (height 130 m.) Its um- 

3s of eight cage-like wire structures 91 m. long and 1,2 m. 
lother similar antenna is that of the high-power station at 
Germany (C. Lorenz). 

first used by O. Lodob, and A. [Translator's Note], 

intenna, such as that of the U. S. Naval Station at Radio (Arlington) 
this class. 
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However, umbrella antennse are also often used for portable sta- 
tions. Many ingenious collapsible masts^^^ of light weight have been 
devised for these, so as to be easily carried on pack-animals, wagons, etc., 
and requiring only a few minutes for erection and taking down. 



Fig. 187. 


d. Antennae consisting of vertical risers which are then prolonged 
horizontally at the top, usually as several parallel wires (Fig. 189: so- 
called or more often, ''L”-antenna; Fig. 190: so-called ''IT^^-antenna), 
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should also really be classified, witliin certain limits, among the antenna) 
having large end capacity. They are especially adapted for use on 
board ships, as the horizontal portion can be conveniently stretched 
between the masts. Battleships are now often equipped with the form 
shown diagramrnatically in Fig. 190^?. 

A number of other forms, which may be considered as combina- 
tions of two of the forms already described, have also been proposed or 
actually used. 



Yiii, 190a. 

93. Comparison of the Different Forms of Aerials. — a. It is evident 
that the effective capacity is greater in all of the various complex anteiiine 
described than in a simple single wire antenna of the same height. It 
is greater according as: 

1. The distance between (spacing of) the wires is greater in the 
vicinity of the potential anti-node a.nd as 

2. The distance from the wires to the ground is less at this part. 

Both these factors give the umbrella antenna its very great capacity 

in comparison to other forms.* 

6. The natural frequency of the complex forms descril^ed, in view 
of their greater effective capacity, is much lower, the natural wave- 
length therefore much greater than for a simple antenna of the same 
height. 

c. As to the current distrihutioUj there is usually a current anti-node 
at the base of the antenna. Thus Fig. 44 shows the current distribution 
for a simple antenna oscillating at its natural frequency; a current node 
is at the tip, and the current distribution is sinusoidal. If the wave- 
length of the oscillation is materially increased by inserting a coil (self- 
induction) near the base, only the upper and nearly straight portion of 
the sine curve remains [Art. Slot]. For conical and harp- or fan-shaped 
antennsB, the current distribution curve is not sinusoidal, but generally 
similar to the heavy broken line curve in Fig. 191. 

* e.g.j the antenna of the Naum Station, Fig. 186, had an effective capacity of 
about 0.018 MF. 
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A characteristic property of the umbrella type of antenna is the fact 
that the current, while flowing up through the vertical risers, flows 
down through the inclined radial wires. The current distribution in th(i 
vertical part is about as shown by the heavy broken line curve on the 



right side of Pig. 192, while in the inclined wires it is in general similar to 
the curve on the left side of Fig. 192;* in fact these forms remain practi- 
cally unchanged, whether the oscillations are at the natural tnupumey 
or at a reduced frequency (increased wavc-lengtlO due to added (joils. 



d. Comparing the various antennae as regards distance effect, the height 
)eing ihe same for all, the factors which enter for consideration are 
Art. 25]: 

* The latter constructed by the method of Art. 25d 
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1. The frequency (wave-length) of the oscillation. 

2. The current amplitude at the current anti-node.* 

3. The current distribution, hence the form factor. 

Low frequency (great wave-length) is unfavorable for good radiation, 
but favors the propagation of the waves through space [Art. 139/]. 

A large effective capacity, giving a large current amplitude at the 
current anti-node* and a current distribution favorable to good distance 
effect is advantageous. In the umbrella antenna, however, the portion 
which is useful for producing distance effect is relatively small, as the 
currents in the vertical and the inclined portions tend to neutralize each 
other’s effect, leaving only the shaded area shown in Fig. 192. 

2. GROUITDING 

94. Ground and Counterpoise. Effect upon the Current Distribution. 

— If an aerial, say a simple, single wire antenna, were left with a free lowei* 
end, it would have a current node at the lowest point. This would make 
it quite difficult, to say the least, to produce strong oscillations in the 
antenna by charging it or by coupling it to a primary circuit, f Moreover, 
the conditions wouki in general be unfavorable. Two methods for 
avoiding this are in use, viz., 

1. Dir(^ct ground conncclion and 

2. “Counterpoise,” a wire network, (connected to the lower end of 
the antenna, parallel to, but inmlalcd from tlu^ ground. 

а. The result of a ground conncciion n-s explaiiuMl in Art. 33, is the 
formation of an anti-node of current at tlu^ bas(^ of the antenna, if the 
ground is highly condiK^tivc^ This is what vii’tually occurs with the 
wav(ss of wireless tek^graphy when s(^a water oi* very moist ground exists 
at the base of the ani.enna for a considcu’abki distance around it. This is 
l:>y no means true, however, if th(^ station is (U’(H;te(l upon very dry, c.g.^ 
sandy ground or upon non-conducting roc,ks,t ground water being absent 
or existing only at a gn^at depth. In such cases the anti-node of current 
will occur higher than the base, the height increasing as the conductivity 
of the ground circuit decreases. 

б. The effect of the counUryoiae upon the current distribution is not 
materially different from that of a direct “ground,” no matter what the 
nature of the soil. We must distinguish between three cases: 

* At a given potential amplitude — the same coupling with the same primary 
circuit. 

t '^fho spark gap [Art. 102a] or the primary circuit [Art. 53/d would have to ])e 
placed at a considerable height above the ground. 

t One need only consider the fact that marble and slate are used in commercial 
light and power circuits as good insulating malcrials for potentials of several hundred 
volts. 
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1. The ground is a very good conductor. 

2. The uppermost portion of the ground is a very poor conductor, but 
underneath this at a slight depth there is conductive ground water. 

3. The ground is a very poor conductor and either there is no ground 
water at all or only at very great depth. 

We are justified in assuming that a condenser of considerable capacity 
is formed in the first case by the counterpoise and the surface of the earth 
facing it and in the second case by the counterpoise and the surface of the 
ground water facing it. The insertion of such a capacity, however, either 
does not change the current distribution at all or it may raise the current 
anti-node somewhat [Art. 30]. 

The third case is identical with that discussed in Art. 29: an insulated 
conductor of great capacity is connected to the end of the antenna. 

c. The practical method of grounding is particularly simple in the case 
of ships, which, in nearly all instances which come into question, are con- 
structed of metal, so that connection to any portion of the ship^s body 
usually suffices. For land stations, there are two methods mostly in use, 
viz., 

1. A metallic plate or cylinder (having a surface of , say, a few square 
yards) is buried in the ground or ground water; or 

2. A very large wire network, circular or square shaped is laid either on 
top of or in the ground.* 

The counterpoise, for both stationary and portable stations, is usually 
provided in the form of square or circular wire networks or radial wires in 
the shape of a star, fastened to poles a few feet (say 2 or 3) over the ground 
and insulated from it. For portable sets a rectangular strip of wire net- 
work, which can be alternately rolled up and unrolled and fastened to 
poles, is often used as a counterpoise. 

95. Energy Consumed by the Earth Currents.^®® — ^The electric field 
surrounding an antenna exists not only in the air, but also partly in tlu^ 
ground. Hence there must be currents in the ground which dissipatci 
energy. It is impossible to generalize as to the extent of this energy 
consumption, which depends largely upon the form of the antenna, th('. 
frequency of the oscillations and the nature of the soil. The main points 
which come into consideration are about as follows: 

a. Figs. 193-199t illustrate a number of cases diagrammatically, it 
being assumed throughout that there is a current anti-node at the base of 

* The old counterpoise of the Nauen Station was a circular wire network 400 m. 
in diam., placed under ground at a depth of 0.25 m. 

t These figures are not based upon any exact calculations, but are drawn from a 
general consideration of each set of conditions; therefore no reliance should bo placed 
upon their precision. li. Truk^®*’ has investigateci the course of the ground currents 
in several cases. If the ground has extremely low conductivity, the electric lines of 
force may be inclined at an angle to the surface of the earth for a short distance just 
above the ground [Art. 139e]. 
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the antenna. Comparing the use of a conducting network as “ground^' 
and as “counterpoise,” i.e,, Figs. 195 and 197 with Figs. 196 and 198, we 


find that it makes no difference 
qualitatively’*' so far as the course 
of the current lines is concerned, 
whether the network is buried in 
the earth as a “ground” or used 
as a counterpoise. 

Both cases, however, are dis- 
tinctly different from the case of 
grounding by means of a metal 
plate (Figs. 193 and 194). In 
the latter case all the linos of 
force pass from the antenna into 
the earth, each producing cur- 
rents in the earth, while, where a 
network of conductors is used, a 
large number of the lines of force 
between the antenna and the net- 
work pass entii'ely or almost en- 
tirely through the air, thereby dis- 
sipating no energy.! Cnly thos(‘ 
lines of force which reach tlu' 
gi’ound outside of tlui conducting 
network, produce currents in tlu^ 
earth. Hence, in this resi)ect sucli 
networks are far supcu'ior to tlu^ 
use of relatively small metallic^ 
plates as grounds, the advantage 



Frc. 194. 


increasing as the an^a of the net- 


work is increased. 

From this point of view tlu' 
umbrella antenna) (J^'ig. 199) are 
particularly advantageous. 1 f 
the network is made large enough 
to extend considerably beyond 
the ends of the inclined radial 
wires of the umbrella, practically 
all the lines of force will pass 

* IIowov<u’, thoro arc? quantitative? 
ilifferonoos. 

t That is if wo iicglo(?t the heat de- 



Fm. 195. 


vcloped by the currents in the coun- 
terpoise, or in the case of a grounded network (Fig. 195) by the currents between the 


network and the surface of the earth. 
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from the antenna to the network without first passing through the 





Fig, 198. 


earth. 

&. In Figs. 193, 195 and 197 it 
is assumed that the soil is homo- 
geneous and has very low con- 
ductivity,’^ while Figs. 194, 196 
and 198 are based on the assump- 
tion that a layer of ground water 
of relatively high conductivity is 
present at a short distance below 
the surface, underneath an upper 
stratum of very low conductivity. 
The difference lies mainly in that 
the lines of force choose thc^ 
greater part of their path througli 
the conducting layer of ground 
water, only a relatively shoi’t por- 
tion of their path being in th(^ 
upper non-conducting layer. 
When grounding by means of a 
metallic plate, it is of great im- 
portance that the plate is placed 
at a sufficient depth to really 
reach the ground water (Fig. 194.) 

c. It is also important that thc’i 
lines of force are not crowded into 
a very narrow space at any point 
of their path, as this always in- 
volves a relatively great dissipa- 
tion of enei'gy. 

For instance if an antenna is 
grounded through a single vertical 
wire, the current field, as seen 
from above, would be of the form 
shown in Pig. 200. If now, as is 
frequently done, the ground wire 
is replaced by a metallic plate, 
the current field assumes a far 
more advantageous form, about 
as shown in Fig. 201. 

If the wire network is laid on 
the ground so as to be in (conduc- 


That is, ground water absent or present only at great depth. 



THE ANTENNA 


161 


tivo) contact with it, the lines of force follow approximately the course 
shown in the cross-section drawn in Fig. 202 A i. If portions of the net- 
work do not make intimate contact with the ground, but are very close 
to it, the path of the currents is not materially altered (See Fig. 202 A 2 ). 
Fig. 203 shows the approximate course of the electric lines of force and 



Fkj. 109. 


tile (^urrcMits, when a counierpoiso is used instead of a direct ground. It 
(^(M'ijiiiily is the more advantageous method; the flow into the ground 0 (;- 
(uirs just as if the lu'twork wen^ rephuMul l)y a sheet of metal whicli is 
con(hictiv(*ly connecl-ed to tlu^ earth at all i)oints. There is no crowding 
oC the current lines anywhen^ 



yuL 200. Fig. 201. 


It is essential, however, that the conducting network which forms the 
{•,ount('.rpoisc is really insulated from the ground. Faulty insulation at 
any ])oint may come under either of two classifications. If the faulty 
insulation still offers a very high resistance (c.(/., a damp porcelain iiisu- 
11 
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lator), the general conditions will be affected but very slightly, although 
of course, there will be an additional loss of energy in the high resistance. 
But if the resistance is very low where the fault occurs a spark dis- 
charge to ground) a very considerable portion of the current may pass 
to ground at this point, under very unfavorable conditions, similar to 
those shown in Fig^ 200. 

d. The conductivity of the soil plays an important part in determining 
the course and density of the ground currents as well as the energy they 



Fig. 202, 

dissipate. In general, for a given form of antenna and a given frequency, 
there exists a critical value of the conductivity, at which the energy loss is 
a maximum. For any other conductivity, be it greater or lower than the 
critical value, the energy dissipation will be less. 

A change in the conductivity of the ground as, for example, may be 
caused by varying weather conditions is aj^t at times to result in a change 
in the course of the earth currents, in the damping and possibly even in 
the frequency of the oscillations. The earth, therefore^, introdu(*('s a 
variable factor into the entire system, no matter wliethcu* we use a direct 
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ground or a counterpoise. Only where the earth possesses very high 
conductivity (sea water, very wet soil) does the effect of the weather 
become negligible. 

e. If we let Re represent the equivalent resistance, of such value that 
RePeff is the energy consumed per second by the earth currents, I being 
the current amplitude at the base of the antenna, then it follows directly 
from a and &, that this ground resistance, Re, must depend not only 
upon the nature of the soil and the method of grounding, but also upon all 
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those factors which determine the electrical field in the earthy and hence 
particularly upon the antenna form and the frequency of the oscillations. 
As regards the determination of Re see Art. lOOd. 

Tests with an umbrella antenna have shown that Re increases to- 
gether with the frequency of the oscillations, but decreases as the height 
above ground of the counterpoise (when the latter is used) is increased. 
In all cases Re was lower when using a counterpoise than when a direct 
ground of the form shown in Fig. 193 was used (H. Truk^^‘0- 

96. Ungrounded Antennae for Airships. — a. The following forms of 
antcniue have been used among others, for airships, where grounding of 
any kind is entirely out of the qin^stion: 

The antenna is a wire suspended 
from the car (or basket), which latter 
with its metal parts (motors, etc.), serves 
as counterpoise, insulated from the bal- 
loon body (the bag). 

2. vSimilar to 1, except that the 
counterpoise includ(\s the metal ribs or 
franu^ of tlie balloon (as in the Zep- 
pelin aii-slii})s) or a conducting sheath 
of the balloon in addition to the car. 

3. The antcMimi consists of two 
win's'^ of uneciual hmgths, sonuovliat on 
the order of liUcnKu’s arrangennmt 
(Fig. 204) (ir. liKcnjMUOW): c.r/,, one 
wir(^ (^1 ?;i) is inadc^ e(|ua,l to oiKvfourMi 
of the wave-length of tlu^ oscilbitions, 
the other (««/!) ^ ‘ji wavc^-k'ngtli. 

The oscillations ar(^ produced at A in tluj car; nodes of potential will 
th(Mi occur at A and C (siu^ Arts. 72c2 and 24tt). So far as radiation 
is concerned, only the part HI), which forms a simple lineal antenna, 
is effective, as the portions ciihi and neuirali;5(^ each other. 

4. Vov directive antenme, a.daptath)ns of Fig. 416 have boon suggested; 
the horizontal part is str(4-(died out uiKUu’iieath the dirigible, parallel to its 
axis, while the two verthjal antenna) are suspended downward. 

h. With balloons there is ever present the danger of sparks between 
any parts of the balloon having considerable potential differences caused 
by the oscillations in the antenna when transmitting. f 

Such differences of potential may be the result of various causes, thus: 

1. If any part of the airship is conduct! vely connected to the antenna, 
the oscillations of the latter arc spread out over the entire metal structure 
of the airship. This results in differences of potential between individual 

* Which are kept at the same distance apart throtighout by insulating spacers. 

t Normally, of course, the oscillations during reception are entirely harmless, ^ * 
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parts of the airship. To avoid these, it is advisable to join all neighboring 
metallic parts of the airship by the shortest possible connecting leads or 
bonds. 

2. The electric field of the oscillations may produce differenco>s of 
potential (“influence^’ action) between individual parts of the airship. 
This danger is greatly lessened by keeping the anti-node of current far 
from the airship. 

3. The magnetic field of the oscillations may induce currents in tlie 
metal parts of the airship. In this connection a node of potential or 
anti-node of current in the antenna is particularly dangerous^ 

In short there are so many possible tendencies for the production of a 
spark, that it is probably impossible to state in advance that any particu- 
lar arrangement is spark proof. On the other hand, none of the arrangtv 
ments described in A need be feared as placing an airship in any con- 
siderable danger. 

In general, it may be stated that short wave-lengths are usually more 
dangerous than long ones, and that the danger diminishes witli decnuising 
current and potential amplitudes. Accordingly arrangements involving 
a comparatively small amount of oscillating energy but having a high 
discharge frequency are advantageous when compared to those of (Miual 
total energy but using larger amplitudes (energy) for each oscillation at 
lower frequencies.^®^ 

c. There is of course also the danger of (jaSj which has escaped from ilu^ 
balloon, becoming ignited by the sparks in the gap of the primary circiiil . 
It is obvious that only completely enclosed gaps [c.r/., see Art. Ill] should 
be used. 

3. THE OSCILLATIONS OF ANTENNiE 

97. Frequency, Capacity and Self-induction. — a. To measure (he 
natural frequency of an antenna, cause a loop or coil of wire inscMdcMl 
in the antenna to act inductively upon a measuring circuit, then pro- 
ceed according to any of the methods already dcscri])ed [Art. 71]. A 
small spark gap in the antenna or preferably a quenched gap ch’c.uit or 
impulse excitation [see Art. 78] serves to produce the oscillations. Or a 
primary circuit having a known and variable freciuency, is loosely 
coupled to the antenna and its frequency adjusted until a measuring 
instrument in the antenna gives the maximum deflection. 

6. Frequency measurements may also serve for determining the 
effective capacity, C, and the effective coefficient of selffinduciion, L, of the 
antenna [Art. 27a], for example, as follows; 

1. A coil of known self-induction, I/q, is inserted at the current anti- 
node. This will change the frequency N to iV', the wave-length X to X'. 
Then ^,2 ^2 

^ JpZTJfn = y approx. 


( 1 ) 
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Applying this value of L to the equation [Art. 27a] 

\ — 

2irVLC 

or 

X = 2irVi,VLC (2) 

the value of C is obtaiii(3d. 

2. A condenser of known capacity, is inserted at the current anti- 
node. Tlu3n if the new values of the frequency and wave-length are A" 
and X" respectively, we have, 


C 


- C 


- 

0 — 




X2 - 

Co “ — approx. 


( 3 ) 


Again applying the valine of C to equation (2) wo obtain L. , 

It is advisable to apply both methods 1 and 2, and use the average 
of the two values obtained for L and C, Th(3 gi-eater the difference 
between A and A' or A and A" the less will be the dangxir of inaccurate re- 
sults, while if tlu'se dilTc^renccs are small, A, A' and A" must bo deter-’ 
minvAl loilh great pixussioii.* 

c. Another nud.liod ((b rrsinou), whi(^h however is neither so con- 
venient nor so a{i(uirate,'^*^ consists in th(3 Insertion of a resistance li at 
the anti-node of curnmt in the anbuma and measuring the decrement 
bc^fore (r/|) and afi-c'r (do) inserting R, Tlieii we have for the difference 
of the two de(tr(*m(Mits 

d = do — di = ' [Art. 27a] 

Combining this with (Mpialion (2) whicOi gives the produ(;t C X L, wo 
o))tain both C'' and L. 

98. Regarding the Effect of Coils and Condensers in Antennae. — a. 
The instu’i.ion of coils (indiuttaiUM^) Iowcm’S th<3 rnupiency, lienee increases 
the wave-l(mgth,t <l(Hn-eases the form factor and, with a given potential 

* Th(> following Jiro tyi)i(?Jil Jintcnnii caparities nionUoncd in the litonituro of 
wi roloHS teJ rn p 1 ly . 

Torpedo boat iinl.oiiiui C = approx. 1 X MF, 

Cruiser, battleship auterina C ~ approx. 2 X 10~^ MF, 

Brant Koek higli-power station (* = approx. 7 X 10~~^ MF, 

Naueu liigh-power station C = approx. 18 X 10“» MF, 

Eiffel Tower Jiigh-power station C = approx. 7. 3X lO"^ MF, 

The sdf~i7uluclion used in autoniiio is usually uiueh greater than that of the aerial 
proper duo to inductive coils in the antenna circuit. The self-induction of the Brant 
Rock aerial is given ns 55,000 C'.Cr.ASf. units, that of the Eiffel Tower as 196,000 C.G.S, 
units. 

tThis is often exprossod as “lengthening the antenna” (aerial) by means of a 
coil and “shortening” it by a condenser. 
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amplitude, decreases the current amplitude [see Fig. 47, Art. 31]. All 
these effects tend to reduce the radiation and also the radiation decrement. 

The insertion of a condenser at the base of an antenna has the oppo- 
site effect, in so far as it increases the fx’equency, hence decreases or short- 
ens the wave-length* and at the same time the anti-node of current is 
raised upward from the base of the antenna [Art. 30]. The form factor 
is thereby made more favorable for distance effect. As to the change in 
the current amplitude with respect to the poten- 
tial amplitude and as to the resultant change in 
the distance effect and radiation decrement, it 
is hardly possible to draw any conclusions to 
cover all the various forms of antennae. 

By inserting both a coil and condenser in 
series, these can be so chosen for any given aerial 
as to avoid any change in the wave-length, 
only greatly reducing the radiation decrement 
(‘‘Antenna with reduced radiation damping” [sec 
Art. 326]. 

6. Instead of using just coils, the wave- 
length of an antenna can be greatly increased 
by means of the arrangement shown in l<'ig. 
205. t A coil, L, whoso self-induction is very 
great as compared to that of the aerial and tlu^ 
connection to ground is inserted in series witli 
the antenna and the condenser, C, is joined in 
parallel to it. We are justified in considering 
this arrangement, as used in practice, as form- 
ing a condenser circuit whose self-induction is 
practically that of the coil L and wliose capac;- 
ity consists of the condenser 6^ in parallc^l with 
the capacity formed by the aerial and gi’ound. 
A little consideration will make it evidemt that 
such an arrangement has a materially lower 
radiation decrement than the antenna alone. 

c. These arrangements have found practical application as follows: 

1. In order to make the advantage of long waves for propagation 
available, it is customary to use coils of considerable self-induction in 
antennae, either alone or in conjunction with condensers (‘'Lengthen- 
ing Coils”) [see, e.flf., the coil marked 28 in Fig. 236]. 

2. Coils of adjustable self-induction at times together with condensers, 
or condensers of adjustable capacity alone-arc universally used for tuning 

^ * This is often expressed as “lengthening the antenna” (aerial) by means of a 
coil and “shortening” it by a condenser. 

t This is sometimes called the “fly-wheel” method. 


A 



Fig. 205 . 
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fini,(uina3 to a dc'sirod wave-longth (“tuning coils,” “tuning condensers,” 
“aerial variometers”). 

3. To obtain difforoiit wavo-lc^ngtlis with tlio saaio antenna, a conden- 
ser, at times witli a coil in s(u*ies, is so connected that it may be cut into 
(short waves) or out of (long waves) the antenna by means of a switch. 
Or a switch is arrange^] l)y means of which the condenser is connected in 
series with the aerial foi’ short waves (J'ig. 200) and in paral- 
lel to the coil (l<'ig. 205) for long waves. 

99. The Damping of Antennse and Its Causes. — a. Only 
that portion of the energy which, during the oscillations of 
an antenna, is sent out in the form of eh^ctromagnetic waves, 
may be considered as useful energy. If then we wish to 
speak of the “eflSlciency” of an iintenna, meaning thereby 
the relation of the useful emn-gy to the total enei*gy supplied, 
at the fundamental oscillation, this would l.)c 


i.e.j the ratio of the radiaiion deci’enuMit to the total decre- 
ment.* 

b. All otluM' losses of energy whic^h ovvuv during tlie 
oscillation, are more or l(*ss n(‘c(\ssary evils. Theses imdude: 

1. Jouhuin lu'at in tlu^ anhmna. 

2. Jouh^an In^at of th(^ earth (uirnnits. 

3. Joulean h(»a-t of the inducted curnmts. 

4. Losses du(^ to brush (leakagcO discha,rg(^ 

5. ( 'ircuit lossc'H. 

The dev('lo|)m('nt of lnuff {Jonhav) in l.he win's of the 
aerial, in the (lining and hnigllKMiing coils, in the ground lar- 
cuit, in th(^ count(*rj)oise and in (lu^ various Iliads, has a Fm. 2()(). 
considerable effecd. ui)on the d(‘(a*em(mt of sindi antenmn 
wliose radiation d(Ma-('ment has been much nuliiced. 

Ilencu! for well-d(‘sign(Ml antemun it is ciisloinary to use braids of very 
fine, individually insulal-ed wires, or bands or strips consisting of several 
such braids in paraded and interwoven, in order to I'educe the ohmic resist- 
ance to a minimum, t 

Count V. (^stiniiitca ofliejioiic.y of ii properly (H)nHt-ruetocl ship antonmi 

at 50 por cent., if the wiive-length is iiiorensed l)y facitor l.Ii by nicaiis of inserted 
coils, 

t Count v. Aiiao’ ®” gives the following tlatii; 

2 kw. station; cffcjctivo current at bas(3 of antenna, 15 amp,; antenna resistance, 
6 ohms; 480 single wires in parallel. 

8 kw. ship station; cirectivo current at bases of antenna, 85-40 amp.; antenna 
resistance 3 ohms; 8000 wires in pai’allel. To provide the necessary tensile strength 
copper-sheathed steel wires [Art, 86e] and also bronze wires ai’e often used. 
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The portion of the total decrement due to the earth currents may at 
times be as large as the radiation decrement. Even in spite of the greatest 
precautions in grounding, in the attempt to keep this portion of the 
decrement at a minimum the results will depend ultimately upon the 
nature of the soil. Such results as can be obtained at sea are probably 
never attained over poorly conducting ground,^®® 

Induced currents come mainly into question in guys, stays, iron masts 
and similar metal parts on board ships, and in the towers supporting the 
antennse and their guys in land stations. Experience has shown that 
these currents, which always mean a wa^te of energy, may harm the 
radiation considerably and be generally detrimental. A method of coun- 
teracting the bad effect of these currents is to insert insulating links in the 
conductors affected, or, in any case, insulating them from ground. This 
was very well provided for in the old Nauen antenna [Art. 92c]; the only 
conducting parts in which currents could be induced were the three guys 
holding the tower and these were well insulated from the tower at their 
upper ends and from the ground below. 

It is well known that the brush or leakage discharge, whicdi. at night is 
visible over a large part of the antenna, has a very bad effect upon the 



Fig. 207 . 


decrement; it is therefore important to avoid sharp points and edges in 
the aerial. As increased surface (larger radius of curvature) for tlu^ 
conductors tends to reduce the brush discharges, it lias been proposiul (o 
surround the antenna wires by metal piping or tubing joined coudiud.ively 
to the wires (Fig. 207), or else to use metal bands or strips, preferai)ly 
having rounded edges, wound around rope, as the aerial conductors. 
The use of well-insulated high-tension cable instead of bar(^ wire is 
perhaps even more effective. Specially designed insulators^'^'^ to prevent 
brush discharge are frequently used at the ends of the wires. 

Circuit losses* may of course occur in any oscillator such as, e,g., a 
condenser circuit. They have not been previously discussed for the rea- 
son that they are easily prevented in all other forms of oscillators and 
hence are of no importance when ordinary precautions are taken. With 
antennae as used in radio-telegraphy, however, the prevention of circuit 
losses, in view of the high potentials involved and the sevei'c weather 
effects^®® is a much more difficult matter. 

100, Determination of the Decrement, — a. Any of the methods 
already given may be applied to find the total decrement of the natural 
oscillations; a quenched gap circuit offers a suitable means for excitation. 

* This is intended to include losses due to spark discharges (to ground, etc.). 
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The value of the total decrement for various forms of antennse under 
normal conditions (good grounding, thorough insulation), there being no 
coils of great self-induction inserted, runs about as follows: 

Simple jintoima straight wire, airship antoima). 0.25-0.3 


Harp- or fan-shaped antenna 0.2 

Conical or double-cone antetma 0 . 16-0 . IS 

Umbrella or ship {T) antenna 0.12-0.10 


As a matter of fact, inductive coils arc always inserted. If their 
coefficient of self-induction is not sufficiently large to materially affect 
the frequency of the oscillations, the decrement, for umbrella and T-aerials 
will be about 0.1. But if the wave-length is increased to three or four 
times its original value by means of induc- 
tance insert, ed in tluvse forms of anteniux^, 
the tot.al decrement can thereby be reduc(^d 
to 0.05“().03. 

6. The effective rcKidancej /?, can be cal- 
culated, if the total decrcuneiit, (/, is known, 
from the eciuation 

d = Hi yjj [Art,. 27a] 

if C and L an^ also known. 

R may also be found by causing an un- 
(lamj)ed primary circuit to act inductively 
upon the antenna and then })roceeding as 
p(u* Art. 76/j.J«i 

The following ('‘artifunal acu'iaJ’O method 
ha,s also been widi'Iy used: 

A primary circuit, ((pumched gap (urcuit or undamp(id oscillations) 
can bo loosely couphul I)y means of the switches U[ and IJ^ (Fig. 208), 
either with the antemna (A’ — aS 2 — aerial) or (dotted position of switches) 
with a eoiuUmser circuit having the same capacity and self- 

indiKdlon as the antenna, l)ut, in addition, a varialde resistance, H. The 
latter is adjusted until the ammeter, A, gives the same reading (current 
cfTe(?t) with either the aerial or the condenser drcuiit. Then the resist- 
ance of the condenser circuit == the desired effective resistance of the 
antenna. 

In order that the resistance of the condenser circuit may be easily 
determined, it is advisable to so construct it that its resistance shall be 
very small as compared to that of the variable resistance JB, the latter 
being made of sucih wires and so designed that its effective resistance = its 
D.C. resistance [Art. 36&], so that it may be measured with direct current. 

c. It is particularly interesting to separate the radiation resistance 
from the other parts that make up the total resistance. 





\E 
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If the form factor of an antenna has been found by current nieasuro- 
inents and the antenna stands on soil of good conductivity, the radiation 
resistance can usually be calculated with sufficient accuracy. 

In this case the field of the grounded antenna (height, h) over the 
surface of the earth is identical with the field which would result from the 
antenna audits “image/ ^ i.e,, an oscillator whoso total length I — 2 A, there 
being no ground present. The only difference is that the energy radiation 
of the grounded antenna is only one-half the radiation of this oscillator, as 
in the former the lower half is missing [Art. 33]. 

Hence if, according to Art. 266, the radiation resistance, JJjj, of this 
oscillator of length I is given by 

^ X (y) ' X 3 X 1010 C.G.8. 
then for the grounded antenna this must be 

= 2 • • (^) ' • ^ 

= l(i07r®(^y ohms* 

in which a has the values given in Art. 25c. With sinusoidal current dis- 
tribution (simple antenna) — 36.6 ohms [Art. 266]. 

The following is an experimc/ntal method (A. h]nsiciNE-MuRiiAY, M. 
Reich^®^) for approximately determining the radiation resistance of a 
transmitting antenna. At a distance, r, of at least several wave-lengths 
from the transmitting aerial, a tuned receiving aerial is erected and the 
current effects /i\// and liKf/ determined at the bases of the sending and 
receiving antennaB respectively. The height of the transmitting iwrial is 
then altered a little (say, by simply raising or lowering the aerial wires 
slightly by means of ropes) and the measurements repeated, giving tlu^ 
new values, V/ The discharge frequency and wave-length 

must be retained constant. This method assumes that the electric ti(dd 
at the distance of the receiving antenna, and also the ground resistance 
near the transmitter are not appreciably changed by the change in tlu^ 
height of the aerial wires — an assumption which of course is not always 
correct. 

Under these conditions we then have the following relations ;t 

Conceive a sphere of radius, r, surrounding the transmitting antenna. 
Then the energy which passes through a square centimeter of the surfaces 
of the sphere per second oc E being the electric field strength at 
the point in question [Art. 26]; it also Eg being the electric field 

( /l'\ 2 

) ohms, if hf — oth is the effective height of the antenna. 

t What follows is based on the assumption of good conductivity of the soil. The 
results, however, an* not dependent upon this assumption. 
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strength at the receiving antenna, or it a SV/» S being the ])otent.ial 
diiference"*''* acting along the length of the receiving antenna. 

Hence, the total energy which passes through the entire surface of the 
sphere each second also “Sv/- the other hand it is = . Ii\jf 

[Art. 2G]. Hence wo obtain 

„ SV/* 
yds = a ■ 


JC- 


i'SS 


Tlu^ relation of /o to K depends upon whetlier the oscillations of the trans- 
mitting antenna are damped or undamped. In the latter case 

/, = I- [Art. 07 h]; 

il.2 " il2 


liene.e, we may write 


H. - h. 


/•>" 


off 


'ff 


Jkit if tlu^ iini.enna oscillations a-n^ da-inpcul, them 

(, . on 


- 4Ndi 


T - 

i 2 j- 


// 


.C • tMI*" 1 

KiiV'djo- -|- d^) 


[Art. 70, lOciuaiion (1)] 


V 


off 


and 


' {(l\ + do) 


= d(dy + do) . 


Rr.ff^ 

/iV/ 


If now wo let R and R/ n^prescait tlic^ effcMitive resistance of the trans- 
mitting!; antemna during the two measiinanents r(\sp(Mdively, and 7^0, that 
j)art — (U)nstant by our assumi)ti()n “whicii is not due to the radiation 
decrement, then for undami)ed oscillations we have 

^ l^off 

41 

'<•// 

'I?Nf 

and for damped oscillations 

R = Ro + d{di + di) . -- 


R =Ro + Rs = Jio + l>- 
R' = Ro+ R':^ = Ro + h. 


( 1 ) 


R' =:Ro + d(,di + dQ 


1 1 V/ 
■JJV/ 


( 2 ) 


• o, 6, d and p arc ftuitors of proportionality. This d should not be confused with 
the decrements. 
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Subtracting one equation from the other, we obtain h or d and thereby 
the radiation resistance, JBs, having previously determined the total effect- 
ive resistance, R and 22' and also, when damped oscillations are used, the 
sum of the decrements [{di + ^ 2 ) and {d'l + ^ 2 *)]. 

A test of whether the assumptions upon which the preceding equations 
were based hold approximately true in a given case can be obtained by 
repeating the measurements at one or two different antenna heights; the 
additional equations so obtained should give the same resulting values 
for b and d. 

d. Having determined the radiation resistance 72 s f^nd the effective 
resistance 72/ of the aerial wires, as well as the total antenna resistance 
72, then from 

72 = 72 s ”h ^ 3 ' “b Roj 

the value of Re follows. This, for antenme on firm ground, seems to 
amount to at least several ohins,^®° but depends entirely upon the form of 
the antenna, the frequency of the oscillations, the nature of the soil and 
the method of grounding. 

* If di and equation (1) nuiy {ipi)li(xl to damped oHcilhitions also. 
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TRANSMITTERS OF DAMPED OSCILLATIONS 

101. The Different Types of Transmitter. — There arc two methods, 
customarily applied for producing* the oscillations in the antenna, viz., 

a, A spark gap is inserted in the antenna and the latter is charged by 
means of an induction coil or its equivalent. The antenna discharges 
across the gap, during which discharge the antenna oscillates in its 
natural period. This is the “simple” or “Marconi transmitter.” 

h. Tlui ani-enna is coupled to a condenser cir- 
cuit. This gives rise to two possible (^as('s, viz.,.^ 

1. Two coupling oscillations are ])roducod in 
both the con(lens(M* circuit and the antenna — the 
“Braun transmitter,” or 

2, The oscillations of the condemser circuit are 
cpienciied aften* a few cycic\s and the iintcima con- 
tinuers to oscillate with its own clamping — tlu^ 

“quenched spark gap” or “Wien transmitter.” 

1. THE SIMPLE (MARCONI) TRANSMITTER 

102. General.— a. The anternna lias a spai-k 
gap, F (Eig. 200) at t he bottom. 

It is aclva-ntageous to have an (ivU-node of 
current at the fool of the nntcnnUf for, with a, givcm 
voltage, this will make the currc'iit amplitude of the fundamental oscil- 
lation a maximum and the spa.rk clamping a minimum, with the spark 
gap lying in an anti-node of cjurrent. This condition is no doubt 
always obtaiiUMl in prac^t.icu^ by grounding. 

h. The arnihincd or mnlUplc. forms of aeriah [see Art. 92] increase the 
elTecdivencw of the M.-micjoni transmitt, er. For the same height, their 
effective capacity is much greater* and if thcjir form is properly chosen, the 
current distribution along tlie antenna is much better than with the 
simple aerial. Both these differences arc factors favoring increased 
distance effect at a given voltage [Art. 93d]. 

* Maucjoni now also usc^s the coiiplcjtl Bkaun transmitter exclusively or at least, 
mainly, fur dtinipecl oscullations. Ilowcvar, it wan with the simple form of transmitter 
Hull he attained his first successful results and demonstratcAl the possihUity of wireless 
telegraphy hy 7tieans of electromagnetic waves over great distances, 
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103. The Damping. — a. Any of the spark methods of excitation inher- 
ently involve a consum'ption of energy in the spark in addition to the 
energy losses occurring in antennj© without spark gaps. Accordingly, 
the efficiency is not as high as for an antenna without a gap. If we 
define the efficiency, as in Art. 99a:, as the ratio of the energy radiated by 
the fundamental oscillation in useful form to the total energy consumed 
by it in the same time, we have 

ds 

d+d, 

where d is the decrement of the antenna without the gap and dg is the 
spark-gap decrement. 

If, however, we conceive the efficiency as the ratio of the useful energy, 
radiated at the fundamental oscillation to the total energy supplied to the 
antenna by charging, the result is even less favorable. In the Mahooni 
transmitter there necessarily exist at the start not only the fundamental, 
but also a series of partial oscillations. These are of no use so far as tlio 
distance effect is concerned, as the receivers are always tuned to tlie 
fundamental oscillation. Hence the energy consumed in one form or 
another by the upper partial oscillations represents a further loss wliich 
causes an additional decrease in the efficiency. 

From observations made to date, it appears that with a given 
antenna, the effect of the oscillations and also the distance effecit do Ji<3t 
increase as the spark length is increased beyond a certain point, in fact, 
they decrease beyond this point.* Apparently this turning point occurs 
earlier, according as 

1, The effective capacity of the antenna is smaller (hence in this 
respect a multiple antenna is preferable to a simple antenna) ; 

2. The radius of curvature of the gap electrodes is smaller (hence large 
spheres or plates are better than small spheres). 

c. In tuned telegraph operation, the Maugoni transmitter is at a dis- 
advantage on account of the great damping of the oscjillations, although 
this is in part only a factor of strong distance effect. Makgoni trans- 
mitters can be constructed with decreased radiation damping [Art. 98] 
and a total decrement of about 0.1. But the weak distance effect of 
such a transmitter requires a very high potential if long distances are 
to be attained in telegraphing. This leads to such insulation difficulties, 
that the reliability of such transmitters becomes uncertain for regular, 
operation, even though they may have shown good results under first 
tests. 

* It is questionable whether this is due solely to the influence of the changed gap 
length. Presumably brush discharge and circuit losses played an important part 
in these experiments. 
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2. THE BRAUN* TRANSMITTER 


104. Nature of the Coupling. — The coupled (Braun) transmitter 
consists of a coiiclenscr circuit, the excitation 
circuit as primary and the antenna as 
secondary circuit. The piiinary and second- 
ary circuits are tuned so as to bo in resonance. 

a. Tlie coupling may be purely magiu^tic, 
inductivGj or it may be direct, conductive [Art. 

525]. The former is shown diagrammatically 
in Pig. 210, the latter in l^'igs. 211 and 212. 

With direct coupling the secondary circuit is 
comprised of the aerial proper (plus BA in 
l^'ig. 212), a portion {BE in Pig. 211 and 
in Pig. 212) of the condenscu’ circuit and the 
lino to ground, or, if a counterpoise is uscul, 

this and its leads. 

Ill addition to these, mixed 
or combined forms of these 
arrang(mients liave been used 
or art^ still partly in use (e.(/., 
Pig. 2i;i). 

b. The direct and the in- 
ductive connections do not 
give materially different re- 
sults. The direct coupling 
lias the adva-ntage of simplic- 
ity; a))Ove all it avoids the 
iKuu^ssity of insulating the 
primary and seciondary tui'iis 
from (uich other, which to say 



Yia. 211. .Fi(i. 212. 



Piu. 210. 


the least involves c()nsid(M’al)l(^ iiuainvcMiicmci^ 
for the inductive arrang(mi(ait. Dircu't 
coupling is now in V(My witU^ iis(^; the in- 
ductive or mixed form is possibh^ only for 
veuy close coupling. 

106. Coupled Transmitter for Antennae 
having High Damping. Very Loose Coup- 
ling. — Under highly damped antenmo are 
to bo understood such whose decrement 


I 

1:9 

h 



Fia. 213. 


* F. Braun was probably the first to introduce the coupled transmitter into the 
practise of radio-tclography. His patent is dated in 1898. In the same year E. 
Ducrbtbt^”*^ made some tests in Franco using an ^^Oudin resonator” (in its essentials 
arranged like Fig, 212) and thereby already recognized the importance of tuning. 
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(as that of a simple antenna) is 0.2 or more. Very loose coupling*; 
we may define as such that the complications discussed in Art. 58 
(two frequencies even with tuned primary and secondary) arc not 
noticeable.* 

а. So far as frequency is concerned, the primary and secondary cir- 
cuits must be exactly in tune. 

б. The time change of the oscillations in the aerial is similar to that 
shown in Pig. 123, Only one oscillation (i.e., one frequency), whose 
amplitude first increases and then falls off, exists. The looser the coup- 
ling, the more nearly the rate of the decrease or falling off of the amplitude is 
that which would be obtained with an oscillation having the decrement of the 
condenser circuity i.e., 0.06 to 0.1. 

The current distribution along the antenna is the same as for the natural 
oscillations of the antenna. It may at times be advantageous to so sliape 
the current distribution, by inserting a condenser, as to bring the current 
anti-node quite high. The fact that this reduces the degree of coupling 
between the primary and secondary circuits as compared to having 
coupling at the point of the anti-node of current [Art. 536] is not cleti’i- 
mental in this case. 

c. Very loose coupling is used when it is essential to produce very 
slightly damped oscillations. In practice, however, there is always tluj 
accompanying requirement that the distance effect should be as gre^ai. as 
possible without seriously increasing the damping. Now from Art. 88 it 
appears that the current effect in the receiver (circuit III) at veny looser 
coupling is rapidly increased by making the coupling slightly c1os(M’. 
Hence for good distance effect it is important to make the degrees of 
coupling as high as the sharpness of resonance will p(u*mit. 

106. Coupled Transmitter for Antennse having High Damping. Close 
Coupling. — When the greatest possible distance effect is dc^sircMl with- 
out regard to high damping, close coupling! is in general advantage- 
ous because of the increased current amplitude it provides. 

a. We then obtain, whether the primary circuit is in tunc with the 
antenna or not, two distinct oscillations of different frequency and hem^e 
[Art. 24] different current distribution along the antenna, different c.urrcuit 
amplitudes at the current anti-node and different decrements. As a mat- 
ter of fact the primary is probably always tuned to the secondary circuit. 
Then, from Art. 68, et, seq.j we may conclude: the oscillation having 
the higher frequency (shorter wave-length) has 

1. A greater current amplitude at the anti-node of current. 

2. More favorable current distribution along the antenna; the cur- 

* That is ‘ [Art. 67]. 

tThatis.K»> [Axt. 58]. 
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rent distribution curve for a simple antenna will be of the form of curve 
Fig. 214, for the shorter wave oscillation, but like curve II for the longer 
wave oscillation. With antennae having increased end capacity the two 
curves are not much different from each other. 

3. A decrement which may be either greater or less than that of the 
longer wave oscillation, but never much different from it. 

Hence the effect upon a receiver is better j in fact much better in some 
respects, if the receiver is tuned for the oscillation having the higher frequency 
{shorter wave-length ) . 

6. Whether it is best to tune the con- 
denser circuit exactly to the antenna appears 
questionable according to Art. 80. It is 
pi'obable that a better effect of the !norc rapid 
oscillation uf)on a receiver is obtained by 
giving the cond(?nser circuit a frequency 
slightly higher than that which the antenna 
had before coui)ling. The aut.lior does not 
know whether this lias been test(‘d in prac- 
tice. An increase in the effect of more than 
a few per cent, ca-n, however, liardly be ox- 
])ected, judging from the laboratory results. 

c. According t.o Art. 88 the current effect 
in a receiver (whicli h(‘r(‘ corr(*sponds to the 
measuring circ.uit) tiiiUMl to tlu^ higher oscilla- 
tion, is greatest when t he (ampling is between 
4 per cent, and 10 p(‘r cent. However in Art. 88 the tests were made' 
with a condenser (u'nuiit as s(M!onclary, whih^ in i:)ractice we have an 
open circuit transmitter, whose (uirnuit distribution must Ixi considered. 
With anteniue having increased oml capjKuty this <5an make but- little 
diff(u*encc, but with others, the (Uirrent distribution for the more rapid 
oscillation is imjiroved as the coiqiling Ixuximes (iloser. Hence we may 
conclude that a fairly close (xnipling is advantageous for antennae.* 

d. The current amplitude at the anti-node of curixuit in the antenna, 
which largely detcu’miues the distance effect, is given, for the shorter 
wave oscillation, by the expression [Art. Ola], 

h/ = Ft. 

* Widely varying (l(^gr(^cs of (^oiqdiiig have b(^cll and still arc used in practice. 
The TiflLiflFUNKBN Co. formerly used up to 10 i)er cent, coupling, in special caseshaving 
obtained o.xcellent results witli much higher degrees of coupling. The Eiffel Tower 
transmitter operates at 4.7 per <^ent. (‘.oupling.'’‘* states the usual range of 

eoupling to be from ilO per cent, to 70 per (xmt. Ih-esinnably the degree of coupling is 
of very little importance as long as it is kept over a certain lower limit. It would sepiu 
as if the worst effects of very close coupling are compensated by the resulting advan- 
tages in other directions. 

12 
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Hence, the frequency (wave-length) being given, it is advantageous to 
use antennae having large effective capacity. Similarly the primary cir- 
cuit should have as large capacity as possible, compatible with the avail- 
able energy. A limit to the amount of capacity is encountered in that, 
with a given frequency, increasing the capacity requires a reduction in the 
dimensions of the current path, which may make it impossible to obtain a 
sufficiently high degree of coupling.* 

This same reason may at times makg inductive or mixed coupling 
necessary, in such cases where it is impossible to make pure conductive 
coupling sufficiently close without sacrificing the advantages of large 
capacity. 

107. Coupled Transmitters for Slightly Damped Antennae. — a. The 

case of very loose coupling need not be considered for antennae whose decre- 
ment is less than 0.1; for the object is to produce oscillations in the an- 
tenna which have not the high damping corresponding to the natural 
oscillation of the antenna, but the low damping of the condenser circuit. 
In the case we are considering, in which the condenser circuit lias the 
same or only slightly lower damping than the antenna, this would have 
no practical value. 

6. The effects of varied degrees of coupling are qualitatively the same 
as for more highly damped antennae. The tests of Art. 88, conducted 
with a condenser circuit as the secondary, indicate that 0 per c(mt. is 
about the best coupling for the current effect. However, for antennae 
whose current distribution varies widely at different points it must l)e 
remembered that the closer the coupling is made the more advantageous 
for good distance effect does the current distribution become. How 
much this factor tends to displace the best degree of coupling is a question 
which has probably not been answered to date by actual tests. 

Practical experience seems to lead to the conclusion that cither the 
degree of coupling is quite immaterial or its choice depends upon the 
special conditions of the particular case to such an extent, that no generali- 
zations can be made. The Tklefunickn* Co. reports excellent results 
with a 60 per cent, coupling, yet this same company used a 4 per cent, 
coupling at its Nauen high-power station. 

c. As regards the hind of coupling it should be pointed out that for 
umbrella type aerials having very large effective capacity the direct 
(conductive) connection can bo applied even for very close coupling. 
This can be made clear from a consideration of the equation [Art. 536] 


K 



If the entire condenser circuit is used for the coupling and the coupling 


* The amingements which F. has devised to meet this condition, unde.r 

the name of Energieschallungen^* (i.e., “energy connections^^) obviate this difficulty. 
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is located at the anti-node of current in the antenna, then Li^ approxi- 
mately = Li and 



i.e., the greater the effective capacity, Ca, of the antenna, the closer will 
be the coupling. 

108. Commercial Form of the Braun Transmitter. — a. Conde’nsers . — 
The requirements of the condensers used are; 

1. High breakdown resistance. 

2. Small volume, convenient form. 

3. Low energy loss due to dielectric hysteresis. 

4. No brush discharge. 

Those re(iiiiremen<<s are best fulfilled by air, particularly compressed- 
air condensers, Maiioone fornuM’ly used air condensers at atmospheric 
pr(\ssur(^ at the ( 3ird(*n and Cilace Jhiy transatlantic stations, which were 
e(iuipp(ul with a trcmiendous battery of air condensers totalling 1.(5 mf., 
and whicli wcu’o (Oiargcnl to a poUuitial of about 80,000 volts. Compressed- 
air (^ondcmscu's of the form shown in Figs. 08 and 00 have been in use by 
th(^ Nat. lOlee. Sign, (k)., on the reconmumdation of Fksskndejst. The 
disad vantage of air <a)n(l(ms(u*s lies in the relatively largo dimensions 
nocossitaied by the low diohKjtric const-ant of air. In this respect con- 
(l(ms(U‘s of good (lint glass ar(^ pn^hu-ablo. These arc used either in the 
form of plate eornhwisca’s, whi(^h are submerged in oil to prevent brush 
discharge (Dk Forms^i’, V, Ducuetmt, F. and apparently also 

now in use by Majuioni in his transatlantic stations), or else in the 
form of Leyden Jars (i h(^ ba-ttcay of jars shown in Fig. 70 is part of a 
TioLEFUNKiiJN' staXioii of a.l)out fiOO km. range). The hhlTel Tower station 
has Moscichi cond(ms(‘rs [Art. 30/;J.‘^^ 

In order to mininiiz(^ ihc brush discharge the jars are sometimes 
(c.| 7 ., as by the NaL EL Siyu, Co,) immersed in oil, or at least they are de- 
signed so as to be long and narrow {Telefunken) and are arranged in 
seri(\s-i)arallel combinations. For example, the Nwimi station formerly 
had three batteries, each consisting of 120 jars in parallel (each battery 
having a capacity of about 1,2 mf.), joined in scries (Fig. 215). 

h. As to the design of the current path of the condenser circuit it is 
hardly possi1:)le to make any general statements. Fig. 216 shows a 
construction of the TniiEFirNKEN Go. As formerly used for a station of 
1000 km. range, it was made of silver-plated copper tubing, some of the 
turns being joined in parallel. 

In the arrangements illustrated by Figs. 211 and 212, the contacts 
A and B are made so as to be movable, allowing a convenient adjustment 
of the frequency and the coupling. Needless to state, the current path 
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should be so designed as to avoid eddy currents in the condenser coatings 
and other metallic conductors as much as possible. 



c. The spark gaps may have either stationary or rotating electrodes. 
Gaps with stationary electrodes should be designed with as large a 
radius of curvature as possible so as to avoid undue heating. The ring- 


Fig. 215 . 
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shaped electrodes introduced by the Tblefunkbn Co. (Fig. 217), have 
apparently been very satisfactory. Frequently the spark gaps arc en- 
closed in a case so as to reduce the terrific noise which accompanies the 
discharge of very large capacities at high potentials. Enclosing the gap 
furthermore permits the use of gases other than air and above all makes 
the use of pressures higher than atmospheric possible. 

In regard to rotating gaps and the use of air blowers see Art. 118. 

3. QUENCHED SPARK-GAP TRANSMITTER. WIEN»S TRANSMITTER 

109. Impulse Excitation. — If we understand this term as covering all 
those methods in which the action in the primary exciting circuit lasts 
a shorter time than the resulting oscillations in the secondary, we may 
distinguish between the following kinds of impulse excitation. 

а. Attention to one method has already been called in Art. 5G&2. 
If a relatively highly damped primary circuit is caused to act upon a less 
damped secondary circuit very loosely coupled to itj there will result in 
the secondary not only an oscillation of the same decrement as that of 
the primary circuit, but also one having the lower decrement of the sec- 
ondary circuit. This latter oscillation continues long after the highly 
damped primary oscillations have disappeared. 

This method, at one time, before other methods of impulse excitation 
were known, was proposed (E. Nbspek^^^) for use in connection with 
measurements. It should not come into question, however, in radio- 
telegraph practice. High damping, i.e., high energy consumption in thc^ 
primary, in conjunction with loose coupling, i.e., with only a small ])art 
of the energy transferred to the secondary circuit, must necessarily grcat^ly 
reduce the efficiency. 

б. The quenched gap method is far more satisfactory. Here, after 
the primary circuit has had the opportunity to give up the most of its 
energy to the secondary, the oscillations in the primary are quenched. 
The principle of this method was discussed in Art. 62 et scq,j its practi(ial 
application in Art. Ill et seq. 

c. Regarding a kind of mechanical quenching by means of a roiaiing 
spark gap see Art. 1 186 and d, 

d. An impulse excitation in the true sense of the word is represented in 
Figs. 218 and 219. If the circuit from the cell JE is first closed and then 
abruptly opened by means of the interrupter A, the resulting current 
curve will be about like that marked I in I'ig. 220. This will produce an 

e.m.f. of the form of E in Fig. 220, m the coil 8. The current resulting 
from this e.m.f. charges the condenser, C, which discharges in its natural 
period (G. Eichhorn^®®). Hence, while with the quenched gap method 
we have regular oscillations in the primary which are quenched fairly 
rapidly, we have in this case of true impulse excitation, an aperiodic 
action which produces the oscillations in the secondary. 
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The advantagoH of thin method for measuring purposes have already 
Ix^en pointed out in Art. 78d. A good interrupter is of course essential; 
those having the c.ontaet fastened to a stretched string or wire which is 
vibrated by an elcMd-roniagnet arc well suited to the purpose,* 

A practical application of this method is in the form of the so-called 



Fni. 21 S. Fio, 210. 


sUdum-iesfers'^'^ (‘<)ndens(M’ circuits of adjustalde fn^quency, which can be 
made to os(*illate with the aid of v(My low amplitudes. 

Kig. 221 illust-rat(‘s om^ of th(‘S(^ as made by the TKLwumcKisr Co. The 
coniKxd.ions ari^ thos(‘ of Tig. 21S. Tlu^ “mak(^ and break'^ of the direct 
ciirnmt is accoinplislu'd by an inba-rupter (at the right of 3<'ig. 221) similar 
to the ordinary eh'ctric. Ix^ll or l)nzz(M\ Frequently wave meters, as for 
instance tluit of (\ Lohunz and the newer type^ of llu' 

Ti'iLKFiJNivKN Co., a.r(' arra,ng(xl for use as “station-testers” 
also. 

c. Pun^ impulse ex(u(.ation (as desci-ib(Hl in d) or cls('. a 
condition lying l>(*twe<m the cases of the (pienched si)ark 
gap and pun^ impulses (excitation can also be obtained with 
a (eondenser circuit as primary, if its oscillations disai)pear Yw. 220. 
at the first passagee through zei*o or at Iceast after a veery 
few oscillations. This condition obtains under (certain circumstances with 
hydrogen spark gaps (B. (iiATznn^'^'*') and especially with unsymmetrical 
ga])s,t also to somce (extent with mercury arc lamps, in fact even when the 
(jondenscer (eircviit is not (eoupUed to any secondary circuit. The quench- 
ing <)f the spark tluerefore is not dcepcendent on the reaction of the 
s(MX)ndary. 

* Those arc inaclci ospocially for this m(jthod by tlio TiiiLWFUNicEN Co., 0. Lorenz 
and lion. W. Paul (Now Southgatci, London). 

t 8. Eismnstein^’o hceabecl cathodes, (eohi anode; L. E. Giiapfee— aliuninium cath- 
ode, copper anodo in hydrogen, also nt times with gaps having symmetrical elec- 
trodes. 
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Furthermore, in. this case the occurr&^ce of pure quenching action is of 
course independent of the degree of coupling. The latter may be made as 
high as the aiTangement of the circuits permits. 




Pig. 221. 


E. L. Chaffee® has succeeded in obtaining continuous oscillations with 
such a gap,* in fact even with a frequency of about 3 X 10® per 

(X = about 100 in.), li’or this jjuiposii 
he so regulates his primary cinaiit and 
his current supply tliat afka- say tlir(>e 
cycles of the secondary oscillations tlien^ 
is a discharge of the primary circuil.. 
The first primary discharg(i excites tlui 
secondary oscillations, whicdi fall olT 
slightly during the next two (iycles, but 
arc given a new impulse in the third 
period at the right instant (in pliasci). 

110. The Coimections. — a. These are 
in general the same for the Wien trans- 
mitter (Fig. 222) as for the Buaitn 
transmitter. The antenna is coupled 
either inductively or conductively with 
the condenser circuit containing the quenched gap.’^’^ 

But the degree of coupling, while it may be chosen between wide limits 

* R. C. Gallettii'"® seems to have obtained the same result by means of a peculiar 
combination of a number of condenser circuits and spark gaps wliich act Bucoossivcly 
one after another. 



Pig. 222. 
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with the Braun transmitter, imjist in the ease of the Wien transmitter be 
adj usted as nearly as possible to the critical degree of the particular spark 
gap in question in order to obtain the maximum efficiency. For good 
quenched spark gaps this critical value is usually about 20 per cent.* 

In order to obviate the necessity of varying the degree of coupling 
whenever the wave-length is changed, the Tiilbfxtnkbn Co. has devised 
the following arrangement (Fig. 223) : In the condenser circuit there is 
placuxl a coil, L\, of much greater self-induction than the rest of the 
primary circuit. This coil is used for a direct coupling of the antenna. 




The wave-l(Migth is elianged l)y varying the coefficient of self-induction of 
this coil (whicli in the a(h.ual constriK^tion is in th('. form of a Hcndahl 
varionudxu*), and tuning of the anteiiiui to the primary circuit is 
effected by nu'ans of tlie si)e(aal tuning coil 

Under th('S(' conditions the coefficiemt of (coupling remains constant 
and indej)(ui(k*ii(. of tlie wave-length. We hav(^ 



as after tuning (UTj\ must = CJj» [Arts. 3 and 27]. 

As a matter of fact, it is advisable to make the coupling somewhat 
looser for the shorter waves. For this purpose an additional coil, IJ 
(Fig. 224), whi(ihis not used for the coupling and whose self-induction is 
of no consequenco for the long waves (Li being very large) but comes 

* In Art. 04fo it was brought out that some quonchod gaps have several critical 
couplings. That one which gives the greatest current effect in the secondary is of 
course chosen. With the gaps described in Art. 109, the coupling may be increased 
far above 20 per cent., in fact to 40 peu* cent, or even higher. So far, however, it has 
not been demonstrated that this has rcjsulted in higher . efficiencies than have been 
obtained with ordinary quenched gaps. 
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into importance for the shorter waves (Li relatively small), is inserted 
in the primary circuit. 

6. The oscillations sent off into space are virtually the natural oscil- 
lations of the antenna. Their damping should be kept as low as possible 
to secure sharp resonance in the receiver. Accordingly it is universal 
practice to use antennae with greatly decreased I’adiation damping [Art. 
98] and make provision for reducing their losses as much as possible in 
order to maintain a good efficiency for the antenna [Art. 99]. 

If it were desired to use antennae with strong radiation and the attend- 
ant high radiation damping and yet keep the damping of the oscilla- 
tions radiated into space fairly low, this could only be accomplished by 



means of the arrangement shown in Fig. 225. The primary quenched 
gap circuit, /, is coupled to a very weakly damped condenser circuit 
(the “intermediate circuit” II) which in turn acts inductively upon the 
antenna through a very loose coupling. The relation between the ini,(‘r- 
mediate circuit, 11, and the antenna, III, is tho same as for a loosc^ly 
coupled Brattn transmitter [Art. 105], so that tho oscillations of th(^ 
antenna can be made to have the same low damping as the intermediate 
circuit. 

The intermediate circuit, which adds a material complication to tho 
equipment, has been dropped in radio practice.^®® It has been found 
preferable to secure low damping for the radiated oscillations by reducing 
the damping of the antenna itself. An intermediate circuit would tlien 
be of value only if its decrement were much less than 0.05, say at least 
0.01-0.005. This to be sure can be attained in tho laboratory, but hardly 
in practical installations. 

111. Practical Construction of Quenched Spark Gaps. — Their short 
life stands in the way of the commercial use of the mercury arc lamp and 
the quenching tubes mentioned in Art. 63, unless some more durable 
form be devised in the future. Such quenched spark gaps as have 
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found application in practice (some however only for a short time), have 
all belonged to the class of very short metallic gaps. 

Some of those spark gaps — a number of them have been called “high 
frequency generators’^ — were Ixdievcd by their inventors, who worked 
with a very higli spark frequency, to produce undamped oscillations. 
As a matter of fact, however, under the actual working conditions these 
gaps air acted as (luenched spark gaps. 



а. The {lap wade hy the BadUche Anilin und Sodafabrik (von 
Kocu^'^0 Inis two coiKUMitric. meial el('ctrod(\s (Figs. 220, 227), very close 
tog(d;her, ludAVCHMi which ii whirling eddy of air is blown. 

This eddy is obtniiu'd by blowing the air into the cylindrical or con- 
ical spa.c,o b(d.w(Hni i lu^ Iavo eU'c-trodc'S tangentially, as shown diagrammat- 
ically for a siinph^ cjis(‘ in Fig. 228. This whirling of the air has the 
following a,dva.niag('s: 

1. Int.(msiv(^ cooling of tln^ ehndi’odcs. 

2. Tlu^ si)ark is blown about all over the ehuv 
trode so tlnit the disc^harge^ is constantly taking 
])lace at innv si)ots, not lu^aied by the i)r('C(uling 
dis(^harg(n llein^c^ we obtain in this way iniich 
th(‘ saints a-dvanl.ages as a-re obtaiiuMl with ro- 
tating (‘liM^trodes, viz., n'gularity of the dis- 
(barg(^, in(;r(»a.sed brc'akdowu potential and 
thereby incnniscMl mu'rgy* 

8. The spai-k ga]) is rapidly deionized, tlunoby 
raising the breakdown ])ol.initial and j)ri'Vouting the formation of arcs. 

Ordinary fanti or blowers gcuuwally are not sufficient for increasing 
the (jucnchiny action (II. Rau””) ; the air velocities obtained, unless very 
spedal nuians ani tuni)loyed, are not gretit enough to renew the air fully 
in the short time', available for deionization [see Art. 65&]. To be sure, 
the use of extrenudy powerful blowers makes it possible to materially 
increase the (puniching action and also to obtain quenching in gaps 
several millimeters long, under conditions which without a blower would 
give rise to the different coupling waves (B. Glatzel, Piciion^^®). 

б. In the plate spark gap”^’^'^ devised by E. v. Lbpbl^^® the electrodes 
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are two metallic plates having a very narrow and finely adjustable space 
between them. They are separated by a paper ring (Fig. 229) made of 



Fio. 230. 



Fig. 231. 



Fig. 232. 


carefuUy chosen material. The spark which passes over the gap in the 
space left open by the hole in the paper ring, tends to choose points along 
the edge of the paper, which is gradually burned away by the spark. 
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Prosuniably the paj^er provides against the non-passage or at least the 
irregular passage of the spark, which would otherwise result with the low 



Fio. 233. 


])Otentials (soiuethnos only 220 volts, D.C.) used by v. Lepkl. Fig. 
230 illusti'ates the exterior construction of one of these gaps as arranged 
for water cooling. 

c. Particular credit is due the Tele- 
FUNKiQN for its work in the constriic- 

iive development of tlu^ quenched plate 
gaps. Its gap, a diagrainmalic cross-s(HJ- 
(ion of which is shown in Fig. 231, has 
(‘lectrodes of silver-plaU^d (U)pp(T. Be- 
tween the rims of these plates is a mica 
ring which serv(‘S both as an insulator and 
an air seal. Th(^ wichnuMl spac^e AA, is 
intended to pn^vent (lu^ si)ark from dis- 
charging at the rim of the mi(\‘i ring. 

The distance between tlu^ f:i(u^s of tlu^ el(M!- 
trodcs is very small, al)out 0.2 mm. 

As only a comparatively very low 




Fia. 235. 


voltage, and hence low energy in the individual oscillations, can be ap- 
plied in view of the shortness of the gap, the Telefunken Co. always 
uses a number, say 10 or 12 of the gap elements or sections shown in 
Fig. 231, joined in series, so as to form series spark gaps” (Fig. 232). 
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Excellent results have been obtained with these quenched gaps. Nor 
is it surprising that this form of gap should offer such advantages. The 
plate gap probably provides the most favorable conditions of all quenched 
spark gaps, certainly of all those employing stationary electrodes. As 
the ions are emitted from the metallic circuit, they always find themselves 



Fig. 236. 


in the immediate vicinity of a conducting surface toward which they are 
driven either by absorption or by the action of the electric field existing 
between the gaps. Consequently the degree of coujiling may be brought 
as high as say 20 per cent, even with relatively large amounts of energy and 
thereby a high efficiency can be attained. 

These gaps moreover have the great practical advantage of I'cquiring 
hardly any attention or re-adjustment. The spark moves about over the 
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surface of the electrode so that the latter is worn down very evenly and 
very slowly. Hence it need be cleaned only at very long intervals. The 



Fill. 237. 

series of gaps, moreover, offers a simple and convenient method of varying 
the radiated energy; to reduce this simply requires the short-circuiting of 
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one or more of the individual gaps — as may be necessary, for instance, 
when suddenly called upon to work with a much nearer receiving station. 

d. The gap made by C, Lorenz (0. Schellbe^”) (Pig. 233) instead of 
having flat plates, consists of two concentric or almost concentric spherical 
surfaces. In this construction the gap length is practically the same at all 
points. 

e. The gap devised by W. Pextckeet^’® also belongs to the plate-gap 
class, differing from the others in that at least one of the two electrodes is 
rotated. 

Two forms of this gap are shown in Pigs. 234 and 236. In the former 
the plates, A and B, are vertical. One of these. A, is stationary, and 
through this oil is kept flowing, which then spreads out in the space 
between the two plates. In the second form (Pig. 236) the plates are in a 
horizontal plane. An atmosphere containing hydrogen between the 
plates is procured by allowing alcohol to drip from a holder on top into the 
gap. The Peuclsert gap, which for a short time was made by the so-called 
Polyfrequenz-Elektrizitatsgesellschaft, is distinguished by great regu- 
larity of the oscillations. 

112. Commercial Construction of the Wien Transmitter. — a. ]'’igs. 
236, 237 and 238 illusti’ate three quenched spark-gap stations of the Tc'le- 
funken Co.^''* The explanation* given below for Pig. 236 is probably 

* 2. =40 amp. D.C. fuses. 

3. = D.C. switch. 

4. = Voltmeter switch. 

5. = Voltmeter — ^260 volts. 

6. = Motor starter. 

7. = Field rheostat (motor). 

8. =4 HP, 110 volts, 1600 r.p.m., D.C. motor. 

10.1 

11. f = High, frequency protective) devices (oondoiiKorH). 

12. J ' 

13. =2 kw., 250 volts, 500 cycles. Altcrmitor. 

15. — Slide rheostat for alternator field. 

16. = 30 amp. A.C. fuses. 

17. = A.C. switch. 

18. = A.C. ammeter, 50 amp. 

20. — Key. 

21. = Choke coil for main supply circuit, 

22. = 220/8000 volts transform cr. 

23. = Quenched spark gap — 8 sections. 

24. = Primary capacity 27 X 10"”^ Ml'\ 

25. = Primary self-induction. 

26. =5 Aerial hot-wire ammotor, 20 amp. 

28, = Aerial variometer. 

30. = Antenna shortening capacity. 

33. =» Receiver. 

34. = Primary transformer coil of receiver, 

42. = Telephone. 
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sufficient for iin undenstaiulinp; of the other two figures. The simplicity 
of these stations is at once evident. One need only compare Fig. 238, 



illuH(;rating the quenched gap transmitter of the Nauen high-power station 
with the former Bkaxtn transmitter (Fig. 215) of the same station to appre- 

13 


Fig. 238. 
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date this. This simplidty of quenched gap sets is made possible by the 
comparatively low potentials, e.g., 8000 volts in the 2 lew. stalion shown 
in Pig. 23C, which can be used; tliis removes the necessity of connecting 
the condensers in series. In fact the use of the extremely convenient 
mica or paper condensers has become possible. The one disadvantage of 
these last-named condensers, namely, their high energy dissipation, does 
not come into question so much here as it does in the case of the Bbaxtn 
transmitter. For, as the oscillations of the primary circuit are quenched 
after the first few cycles, it is not so, serious that the condensers consume 
somewhat more energy per cycle, particularly as this loss is very small in 
comparison to that in the gap. Nevertheless, as long as there are no 
special limitation>s to the space available, good Leyden jars, air or oil con- 
densers ai'e always given preference in order to keep the efiiciency as high 
as possible; and this can usually be done, as the moderate potential makes 
it possible to keep the dimensions of such condensers compa^ratively small. 

b. The circuit connections have already been discussed in Art. 110; 
they are probably as shown in Pig. 224 in most cases. When changing of 
the wave-length between wide limits is desired, this is frequently obtained 
by inserting a condenser (the small battery of Leyden jars marked 30, in 
Fig. 236) directly in the anteima for the shorter waves’ and connecting it in 
parallel to an inductive coil in the antenna for the longer waves [Art. 98c]. 


4. GEMERAI, CONSIDERATIOlif OF TRANSMITTERS QP DAMCHSD 

oscillations ' 


113 . Operation by Means of Interrupted Hirect Current. — The use of 
s-parh idih {induiMon coils) operoied by inter- 
nipted direct current is quite frequent in Biuall 

The induction coil must be able to give a 
relatively large amount of electricity at 
moderate potenti^ rather than very hi^'h 
potential. The requirements are therefojro 
quite different from Ihose for the operation ^f 
X-ray (RoBNidEN) , ■ ' . _ 

The usual eledrottmffn^llkf inierrupter su:^ 
fices for ^aU.citrrentB, It is economical of'v 
' both room ai^ energ;;;^, and hence ooiLtinuos >; 

used for snxafl portalde setfii' and air- 
'll ships, and also for ^uehoh©d gap trahsmitters 

— -- — ; on sliipboard as sh^u.' lp P%. 237 (particu- 
Fia. 239. larly in the' form. 0^ eb^gj^gea^ 

case however a higher frequency of ^ 


For larger currents the jnercus^ imHm 
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service. Fig. 239 shows one of these as made by the Allgemeine Elek- 
tiizitatsgesellschaft. The advantages of the mercury turbine interrupter, 
particularly for use in measurements, are: 1. It interrupts relatively 
largo currents with gi-eat regularity; 2. the speed of the motor and hence 
the frequency of the interruptions are independent of the amount of 
current to bo broken. 

114. Alternating-Current Operation,— The disadvantage of induction 
coils with int(UTuptcd direct current lies mainly in the difficulty of ob- 
taining sufficient quantities of electricity to charge large condensers to a 
high potential. T.lio use of alternating-current and commercial trans- 
former designs at once suggests itself. A.C. operation differs according 
to whether 

1. Ordinary spark gaps (Braun transmitter) or 

2. Quenched spark gaps (Wien transmitter) 
arc^ used. 

a. In the first case (Bkaun), where in general very high potentials are 
used, if we were simply to connect the primary (low-tension side) of the 
transfoi*nier to the generator and the secondary (high-tension side) 
across the spark g;ip, the following difficulties would result: 



1. The A.Cu transfornu^r would continue to deliver current after the 
oscillations in the primary circuit had died out. That leads to the forma- 
tion of arcs, which heat the electrodes, ionize the gap for an unnecessarily 
long time, thereby lowering the breakdown potential and the initial 
amplitude of the oscillations. . 

2. The high-tension side of the transformer is almost short-circuited 
by the spark. This may damage the winding and also cause a disad- 
vantageous reaction upon the primary of the transformer (low-tension 
side). 

This second difficulty can be overcome, at least in part, by inserting 
condensers (C 1 C 2 Fig. 240)* or choke coils in the leads from the trans- 

* The connections shown in Fig. 240 arc those formerly used in the Marconi 
Station at Poldhu. 
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former secondary to the spark gap, also by placing sufficiently large choke 
coils in the primary side {8%, Fig. 240) of the transformer. 

As to the first-named difficulty, much depends upon whether a wry 
high discharge frequency— e.ff., 500 to 2000 per second for “tone trans- 
mitters”— or a low frequency, say 6 to 25 per second, is used. With the 



higher frequencies, the use of rotating sjyark gaps [sec Art. 118?>] is prohiihly 
not feasible, if the energy handled is large. 

With the low frequencies, the various operating dinieultifNS cjui Ix' 
very ingeniously overcome by the arrangement*^® employed ])y tlu'. 
FUNKEN Co. under the name of “resonance inductor” or “resonance 
transformer,” 



The transformer (or induction coil) has an open core; its terminals are 
connected to the condenser circuit in the usual manner (Fig. 241). Tlie 
spark gap, E, is so adjusted in length that the normal secondary potential 
is far below that necessary to jump across the gap. We them have iho 
case discussed in Arts. 67 and 68: an undamped oscillating prinuiry 
circuit (armature of the alternator, coil jD, and primary coil, /Si, of the 
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reBOiiaiicc transformer) coupled to a condenser circuit (secondary coil, 
>^ 2 , of the resonance transformer and ABODE). If these two circuits 
are adjusted so as to be in resonance, then the oscillations which result 
upon completing the primary current path, will be about as shown in Fig. 
242. The current amplitude and hence also the potential amplitude in- 
crease with each cycle, the potential rising far above the normal value 
which would correspond to the ratio of the transformer, until, after a 
number of periods, a spark jumps across the gap, F, thereby causing the 
(‘.ondenser circuit FABCDEF to oscillate rapidly. 

Due to these oscillations, the energy which has been accumulated 
in the condenser circuit Sv^ABCDE, is quickly consumed. Consequently 
there is a rapid fall in potential, no arc is formed and there is no great 
increase in the primary current. 


r 



Fic. 243. 


This scries of events then repeats itself, beginning with the next 
period. No spark occurs until, after a numl)cr of cycles, sufficient energy 
lias been pumped [Art. Glc] into the secondary circuit {S^BCDE) to 
bring the potential to the necessary amplitude. 

The advantages of this method are, therefore: avoiding of arcs and of 
short-circuiting of the secondary coil, low spark frequency and much 
higher voltage than would correspond to the transformer ratio.* 

* With an initial frequency of fifty cycles per second, the spark frequency, if so de- 
sired, can easily be reduced to five per second and the secondary potential raised to 
three times the normal transformation value. 
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For a given transformer and at a given frequency there is a best degree 
of coupling. In order that this may be secured, it is advisable to introdu(u^ 
adjustable inductive coils (D, Fig. 241). in the primary (or secondary) 
circuit or to use a Boas resonance transformer (Fig. 243)* so as to allow 
variation of the coupling between the primary and secondary circuits. 

In the Telefunken Station at Nauen (Fig. 215) which formerly was 
operated with a resonance transformer, the high potential was obtained 
by means of four transformers in parallel (right front of Fig. 215). Two 
inductive coils (left front of Fig. 216) were placed in the primary circuit. 

6. With quenched spark gaps (Wien transmitter) the deionization of 
the gap [Art. 66] is so intense that the danger of the formation of arcs is 
far less than with ordinary gaps. Hence with quenched gaps there is 
nothing to prevent the use of A.C. generators and transformers, nor of 
machines for tone transmission, whose frequency is between 250 and 1000 
cycles per second. 

It is advisable to so regulate the current that at most two or tlii*ee par- 
tial discharges, preferably only takes place during each half period.’^'* 
With several partial discharges the tone in the receiving telephone [Art. 
165] is apt to lose all- its purity. And while a flute-like tone free from 
upper harmonics has no vSpecial advantage (in fact a tone having some 
pure upper harmonics seems to be better for receiving^’*”), an impure dis- 
cordant tone, as produced by numerous irregular partial discharges is 
certainly not favorable for good results. Moreover such irregular, partnd 
discharges tend to weaken rather than strengthen the effect iqx)!! the tel(»- 
phone diaphragm, as it may often not have time to return to its posi- 
tion of equilibrium and in any case is forced into extremely compk^x 
movements. 

If the current is further weakened, the same effect as is obtained with 
a resonance transformer can be secured, a spark passing only every second 
or third half period; the tone heard in the receiver is then at the corre- 
spondingly lower octaves. 

c. One danger to which the alternator, and, under certain conditions, 
also the motor driving it are subjected, consists in the high frequency cur- 
rents induced in the leads by the primary circuit or antenna currents. 
These may produce very high potentials endangering the insulation, 'i^o 
counteract this as much as possible it is customary to connect condensers 
(those marked 10, 11, 12 in Fig. 236) or sometimes non-inductive resist- 
ances (incandescent lamps) in pai’allel with the motor and generator. 

116. Direct-current Operation. — a. Direct current at high potential 
may also be used in the supply circuit for charging the condensers, espe- 
cially when quenched spark gaps are used. The arrangement for these 
conditions is very simple (Fig. 244). The quenched gap circuit, 7, is 
connected to the D.C. generator through series resistance, i2o, and induc- 

* These are particularly recommended for measuring purposes. 
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tance, Lo. If the voltage, the gap length and the supply current are 
properly adjusted with respect to one another, instead of an arc resulting 
across the gap electrodes we obtain a varying potential like that illustrated 
in Fig. 291 (lower part). The direct current charges the condensers and 
their potential rises until the breakdown potential of the gap, F, is 
reached. Then the potential falls through a series of oscillations reaching 
zero or almost zero, whereupon the process repeats itself. The number of 
discharges per unit of time depends upon the size of the supply current, as 
this determines the time necessaiy for bringing the condensers to the 
breakdown voltage of the gap. The discharge frequency can accordingly 



Fig. 244. 


be varied betwc'oii wide limits by regulation of the current supply. In 
order to seemre regularity of tlie discharges, it is iniimrtant to bring the 
voltage up as high as possible, at any rate not lower than 1000 volts. 

The m'ioi re,^i.dance in tlic siipjdy circuit should preferably have a 
rapidly rising clianuvtoristic. The NcniM resistances, c.onsisiing of iron 
wires in a glass bulb filled with hydrogen, ar(^ ])articularly well suited to 
this purpose; metal filament lamps may also be used. 

h. Tli(^ indiictan(H>, Lo, should he wound without iron ; if for any reason 
an iron core is desired, it is a<lvisalde to kc^ep the magnetization above the 
saturation point. 

The elh'cts of the s(4f~inductance are as follows 

1. It greatly reduces tlic fliKd.mitions of tlii', supply curnmt. 

2. The maximum gap potential is greatly increased l)y the inductance, 
at times oven rising considerably above the dynamo potentinl.'" 

3. The increased maximum potential improves the irregularity of tlic 
discharges and, finally, 

4. The series resistaiKsc, and hence the energy consumed in the supply 
circuit, can be less than would be required without the solf-indiictaiice, 
without endangering the generator. 

c. The supply source is usually a D.C. generator several of these being 
connected in scries if necessary. In the Marconi transatlantic stations 

* In the transatlantic Marconi stations (Fig. 256), the actual maximum gap 
potential, with 12,000 volts normal generated (storage battery) potential, is stated to 
be about 18,000 volts. This is apt to bo dangerous for the generator. See Art. 
114c for methods of protection against this. 
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at Clifden and Glace Bay, a storage battery of 6000 cells, corrc^spoiiding to 
a potential of about 12,000 volts (see Pig. 255), is in parallel with tlu* 
dynamos or can also be used alone. 

116. Measurement of the Energy Supplied; Determination of the 
Efficiency. — To measure the efficiency of a radio transniittor, it is neces- 
sary to find the energy used in the secondary circuit on the one hand an<l 
that supplied by the current source to the primary circuit on the other. 

a. Measurement of Energy Confined in the Secondary CircuiL — If tlu^ 
kind of secondary circuit is optional, it is advisable to choose a e.ondens(n‘ 
circuit and to determine its effective resistance. It, by nieasui’ing tlu^ 
decrement [Art. 77, et seq.]. It may be well to constna^t thi) current ])alh 
of braided conductors having individually insulated wires and to insin’t in 
this a resistance, R, of very fine constantan wire (spet;ial n^sislain^c^ 
material) which has the same resistance for oscillating as for dii’ect cur- 
rents [see Art. 36&] and which should be so large that the r(*sistan(H> of lUo. 
rest of the current path becomes negligible in comparison. If a. hot-wire 
ammeter is then inserted in the secondary circuit arid nu»asur'(Ml, 

then Rli^eff is very nearly equal to the energy consumed j)er s('(M)n(l in tlu^ 
secondary circuit. If the indications of the hot-wire nudcM- are noi. con- 
sidered reliable, the resistance can be placed in an insulated (aga-inst h(‘a() 
vessel, filled, say, with oil and the heat developed ineasurt'd ciilonudric- 
ally,^^ from which the energy consumption per sec^ond in the scu^ondary 
circuit may be determined. 

If the secondary circuit is an antenna, the current (dT(Md‘., is 

measured by means of an ammeter inserted in the antenna and tln^ r(‘- 
sistance, R, of the antenna is measured by one of the methods giv(Mi in 
Art. 100&. Then the product e/f = the energy consunuMl ixn- ,se(M)nd 
in the antenna. ' 

6. Measurement of the Energy Supply, 

1 . In the case of low discharge frequency, as, G,g,, with a Braun ti'ansmitier 
when operated by an influence machine, an induction coil witli in- 
terrupter or a resonance transformer, the amount of energy HU])pli(ul is 
found as follows: if 7 = the discharge potential and C = the <*.apiicity 
of the condenser, then the energy in the condenser at tlm instant jusl. ])r(‘- 
yious to its discharge is }4 jf there arc f discharges p(U’ scM'.ond, 

it follows that the energy which the condenser receives from the supply 
circuit in each second must be f .fCF^.* The discharge voltage, for 
slow (static) charging of the condensers, can be determined ])y moans of a 
suitable electrometer, or from Table VI if the spark-gap electrodes arts 
spherical. This, however, applies only if the discharge potential is tlu^ 
same with a static charge as under operating conditions; this condition 


The assumption is that the condenser actually gives up its entire charge. If 
e condenser coatings after the discharge still retain a difference iii potential, Vi 
Qresidual charge), then the energy supplied per second is i* . i(7(F2"- Fi®). 
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(•Mil be approximated by projecting ultra-violet light upon the gap 
cloctrodes'and using a very low spark frequency. 

2. With a high discharge frequency it can not be assumed in general 
that the discharge potential is the same as the breakdown potential ac- 
quired by means of a static charge. In this case, if the discharge poten- 
tial is not too high, the energy supplied to the primary circuit can be meas- 
ured by an electrodynamic wattmeter connected either at the point W or 
\V' (IMg. 245), according to whether or not the energy consumed in the 
series resistaiUH's and inductances is to be included. 


W W' 

^1^ WWW WM ^ 


M( 


IR 



Fkj. 2 \ri. 


As the frequency of the supply lairrent is usually much higher than that 
of commercial alternating (iurrents and as its form is far fi*om being sinu- 
soidal, the ordinajy commercial wattmet(M-s are not to bo recommended 
for tins purpose. Tiny giuierally possi'ss phase errors which, at the 
lower (commercial fr(Hiuenci('s, approximately sinusoidal currents and 
not too great a. ])has(‘ displacimient l)(d,w(*en (cun’ont and voltage, can 
be roughly correclxcd for by means of c-ompensa,ling (coils of some sort, 
but whi(cli otherwise may Ixmcoukc (piil(c considerabhe. Hence, we are 
limil(Ml to the use of special wa.(tm(ct.(‘rs‘^'’ in which such errors are caiv- 
fully avoided, unh'ss it is ])relerr(‘d to us(c a lalioratory wattmider, 
consisting of a hx('(l current, coil in whi(ch is suspicndicd a potential coil, 
very small (compan'd to t-lac curnmt coil, made of very fine wire and carry- 
ing a small mirror at ta, (died to it. Tlu^ suspension and current lead are 
iu'st made of a bronze st rip, while a 1 (descope and scale serve for reading 
the deflection. Hie usual (comnu'rcial wattmetc'r multipliers (siades re- 
sistances are not suitable, as they are not fiunc from (capacity and s(df-in- 
duction; iiucandesicent lainjis'^* or li(iuid resistances f may be us(mI. 

3. Auotlier method is basced upon the use of the quadrant electrometer. 
A known resistance, li (]dg. 24()) whie-h must have practically no iuduc- 
taiKce or capacity and be independent of the frequency {e.g., a straight, 
thin constantan wire, jdaced in a quartz tube filled with oil for cooling) is 
inserted in the supply circuit, and across its ends, F and Q, the two quad- 

* But they must be used/rtr below the point of incandescence. 

t «.(/., the special boracic acid — inannite resistances of Magnanini, with platinum 
<ilectrod(.cs as large as possililo. Ponruda: 1500 g. water, 181 g. mannite, 62 g. boracic 
acid; to this add a little potassium chloride, the quantity being such as to give the 
resistance a very slight temperature coefficient. 
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rant pairs, aa' and hV of the electrometer are connected. The needle is 
joined to T (Fig. 246). 

Then the theory will show that the deflection of the needle, 

= a22[A + 

The proportionality factor, a, of the instrument having been de- 
termined by calibration with static potentials and the current effect 7V/ 
by an ammeter I connected in the circuit, then from the deflection, wo 



obtain the energy consumption per second between the points Q and T, 
and hence the energy supplied per second to the condenser circuit/. 

117. The Key.— a. Just as in ordinaiy wire telegraphy, keys are list'd 
for telegraphing. In radio work, howeVer, the difficulty of breaking cir- 
cuits carrying heavy currents and having high self-induction presents il- 
self. This may at times give rise to large sparks, which rapidly destroy 
the key contacts. 



Fig. 247. 

These sparks can be reduced by not entirely breaking the current 
path. This, for instance, is done in the arrangement of Fig. 240 in which 
closing the key short-circuits the inductive coil, /Si, and opening the key 
again causes the full current to flow through in short the current is 
alternately increased and decreased, but never entirely broken. This 
method can be reversed by leaving the inductance, in circuit (Fig. 241) 
and short-circuiting the primary side of the transformer with each closing 
of the key.‘” 
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A simple solution of the difficulty for moderately large currents is the 
construction (shown diagraminatically in Pig. 247) formerly used by the 
Telefunken Co. and the Marconi Co., as designed by P. Braun and 
A. Gray, respectively.* 

Underneath the key proper the lever arm of the key) a spring, P, 
is placed, to which an iron armature, Ej and a platinum contact, Ui, are 
attached. If the key and hence the spring, P, are pressed down, contact Ci 
touches contact Ca and the path of the primary current of the induction 
coil or transformer, as the case may be, is completed. The current passes 
not merely through the key, along the route AFC 1 C 2 J but then also flows 
through the winding S, If now the key is released so as to move upward, 
contact Cl will nevertheless remain touching Ca, as the magnetic action due 
to the current in S continues to hold down the armature E and hence the 
spring with the contact Ci, Not before the primary current has become 
reduced to virtually zero, is the armature and hence the contact Ci re- 
leased from Ca, at which time of course no spark is formed. 

b. In large st-at.ions rclays^^ arc probably always used. An 

ordinary key, manii)ulate(l l)y hand, closes an auxiliary circuit which 
(similarly to the rcMiiote control switches used for conimer(dal high-tension 
work) operates the key or conta(‘.tor op(ming the main circuit. The con- 
struction of good key relays, or “relay keys,” a, s th(\y are sometimes called, 
is by no means a simple matter, owing to the V(Ty rapid and frequent 
interruption of heavy current demand(Ml in iek'graph service. 

0 . Where exti’emely I’apid operation is reciuirc'd, as, c.r/., in Ihe Wheat- 
stone rapid method, anUrtnalic keys (^an be used. 

The principle of these is essentially a,s follows : Tlie message is punched 
in telegraph code into a strip or tape of strong paper or otlun* insulating 
material. For instance, the hdter a would 
appear as in Fig. 248. The sti'ip so forimul 
is then pulled between thc^ contact, s of a k(^y 
suitably designed, thertjby comphdhig the 
circuit as each perforation passes through the key. The actual con- 
struction of such rapid telegraph apparatus and automatic keys is 
usually very complicated, 

118. Spark Gaps with Rotating Electrodes. — a. In gaps having 
smooth electrodeSj as in the Marconi gap shown in Fig. 249, the spark, 
which always chooses the shortest or approximately shortest path through 
the air, will constantly jump across from different points of the electrodes, 
Bj A and jB'.f This prevents harmful local heating of the electrodes, 
which heating, with fixed electrodes, tends to reduce the breakdown 
voltage of the gap and causes a rapid deterioration of the electrodes 

* These designs of the key also prevent the formation of very high potentials 
at the sudden breaking of the current. 

t A is a very rapidly revolving disc, while B and B' rotate slowly. 



Via. 2AH. 
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and consequent irregularities in tlic oscillations. Furtliermore, the {lir 
currents caused by the rotation assist the deionization of the spark gnp 
and the cooling of the electrodes. In the spark gaps of F. Ducristiot 

and E. Roger^®^ (Fig. 250) which have 
a tube, Cf as one electrode and a rotating 
sphere, S, as the other, a special strong 
air current is provided by the ventilator 
or blower, F. The advantage of sucli 
provisions becomes more evident as the 
spark frequency and the current are in- 
creased, i.e,, as the tendency to form arcs 
increases. 

5. The action of spark gaps having 
small 'projections on the electrodes as, 
e,g,j that shown in Fig. 251 (R. Fessen- 
DEisr, Nat. Elec. Sig. Co.) or in Fig. 
252 (Marconi Co.^®°) depends largely upon the shortest distance be- 
tween the electrodes, their width and their velocity. Let us first 
assume that the minimum distance between the electrodes is sucli that 






Fig. 250 . 


the highest potential occurring across the gap will be just sufficient to 
create a spark discharge. Then 

1. With moderate speed and moderate width of the electrodes, the gap 
will have the advantage, for A.G. operation, of good cooling of the elec- 
trodes and the prevention of arcs, for the gap length grows so rapidly 
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after the oscillations have died out that there is no opportunity for an 
arc formation. In this case then, the spark gap is mounted directly on 
the shaft of the alternator (Fig. 251) or of a synchronous motor and the 
number and location of the projections or sparking points so chosen that 

they are nearest together (minimum gap 
length) at the instant when the A.C. 
voltage is at its maximum. 

With D.C. operation a gap of this 
type secures regularity of the dis- 
charges, the fiequency being regulated 
by the speed control of the driving 
motor. If this frequency is high 
enough an audible sound or tone {tone 
transmitter) is obtained in the receiving 
telephone. 

2. If the electrodes are very narrow 
and their speed very high, the result 
nay be as follows: The oscillations of the condenser circuit commence 
it just about the instant when the electrodes are closest together. While 
;he oscillations continue, the gap length increases very rapidly. At the 
lame time the potential amplitude in the condenser circuit, if coupled at 
ill closely to a secondary circuit, rapidly falls off [Art. 59c]. The effect 
)f both these factors* ix., increasing gap length and decreasing potential, 




Fig 263 . 

lay be- to disrupt the spark after a very few periods, even in such cases 
here, if the electrodes remained stationary, the spark would not be auto- 
atically quenched after half a cycle. (This is sometimes referred to as 
nechanical quenching.”) » 

Whether or not a mechanical quenching results, depends largely upon 
le velocity, the wave-length and the cowpling [Art. 59c] used. If the 
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peripheral velocity of the electrodes is taken at 200 m. per second 
(a speed which is obtainable [see d]), and a 5 per cent, coupling employed 
so that the potential amplitude in the primary circuit will be zero or 
nearly zero after ten periods of the oscillations, then the movable elec- 
trode will in this time have covered a distance of 2 cm. with a wave- 
length of 3000 m., and a distance of 4.4 cm. with a wave-length of 6700 
111 .* If the gap is properly constructed, however, the distance between the 




(^lee.trodes will have become so large by that time that there is very little 
chance for the spark to foi'in again during the next few periods, particular!}'' 
if the minimum gap length is veny small. 

In all cases the effect of increasing the gap length is assisted by the 
strong air currents formed. In order to fully take advantage of this, 
.s])ark gaps with roiating electrodes have been constructed in the form of 
actual ventilators (Fig. 253, BnlsilUe Systeird®^). 

c. Another possible case consists in having the gap length less than 
the length which the potential used can just jump across (Pig. 254, 
“short-circuit spark gap”) and to revolve the electrode projections at 
very high speed. When a projection of the rapidly rotating electrode, 
F, approaching the stationary or slowly rotating electrodes Fi and F 2 , 
comes sufficiently close, a discharge takes place. While this discharge 
is occurring the electrodes come nearer together and the gap length, the 

* Marconi's transatlantic stations [d]. 
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gap resistance and the energy consumption are reduced to very low values 
[Art. lid]. Such spark gaps combine the two advantages of compara- 
tively high initial voltage with a relatively short average gap length and 
a very short gap length at the time when the oscillations of the discharge 
have already become very low in amplitude. The best results are ob- 
tained, other things being equal, with the highest speeds and, for a givezi 
speed, with the greatest retardation of the discharge [Art. 42&]. Ac- 
cordingly ultra-violet light is to be avoided as much as possible. 

d. The spark gap shown in Fig. 255, which is use d in the transatlantic 
Marconi stations at Clifden and Glace Bay,^-’^ is a combination of a 
short-circuit gap and a mechanically quenched gap. The electrode pro- 
jections on the wheel F are so shaped that the gap between the discs Fi 
and Fz is very small only while there is a projection between the two discs. 
On the other hand, the peripheral velocity of F is so great (about 200 
m. per second), the degree of coupling so low — it is reported as being 
approximately 5 per cent. — and the width of the projections is so meas- 
ured, that the spark is disrupted after half a cycle and does not again 
form until the next projection comes into play. 

The discharge retardation seems to be used to excellent advantage 
in these gaps; at a potential of 15,000 volts and a frequency of 45,000 
cycles per sec. (X = 6700 m.) it is claimed that the spark occurs only about 
one period before the instant at which the projections of F are at their 
minimum distance from the discs Fi and F^. The result of this shoi't 
spark gap combined with the heavy current due to the relatively higli 
discharge voltage and capacity, is a very low energy consumption in the 
primary condenser circuit. The total decrement of the primary circuit, 
when not coupled to the secondary, is claimed to be only about 0.03 to 
0.06,* 

6. COMPARISON OF THE DIFFERENT TYPES OF TRANSMITTERS 

119. Difference between the Coupled and the Simple (Marconi) 
Transmitter. — a. That the coupled transmitters are more complicat(Hl 
and that it costs more to construct them is self-evident. In addition, a 
relatively small induction coil with mechanical interrupter and a few stor- 
age battery cells usually suffices for a simple transmitter with its low 
capacity; the operating costs are therefore exceedingly low. Hence, if 
only comparatively short distancesf are to be covered in telegraphing 
and if it is important to keep the energy consumptiont as low as possible, 

* The equivalent resistance of the entire condenser circuit with its spark gap is 
given in one case as 0.022 ohm. 

t Ranges of 100-160 km., with masts about 30 m. high have been attained, with 
the simple Marconi transmitter. 

t c.j/., stations which are difficult of access or light portable sets (such as light- 
ship stations or portable military stations). 
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the simple Marconi transmitter olfers great advantages, which in fact 
have caused it to be retained in use to the present day and which will 
perhaps keep it in use for quite some time to come as an emergency 
transmitter. 

&. But it is in relation to the question of energy that the simple 
Marconi transmitter is at its greatest disadvantage. To be sure, it 
does not require much energy, but the only way in which the energy can 
be increased is by raising the initial voltage (see c). On the other hand, 
it is possible to radiate much greater quantities of energy in the form of 
electromagnetic waves from a coupled transmitter, in view of the large 
capacity available in the primary circuit, than from a simple Marconi 
transmitter at the same potential. 

(Uosely related to this is another advantage of the coupled trans- 
mitter, viz., the oscillations can be so modified, one may say, so formed, 
as to be best adapted for a pai'ticular reccuver. If it is important to hav(^ 
great amplitude for the waves emanated, this can be secured without 
l)ringiiig^he damping so liigh as to be prohilntive. Again, if very low 
dami)ing is desired, this also can be obtained without causing too great 
a reduction in the anqditude of the wave. It is for th(\se n^asons that in 
tlu^ oiu^ extreuK^ (^as(% where tlu^ great(\st I'angc^ is the ol)j(u^t, a-s well as 
in the other, where the shai’pest ])()ssiblo tuning is the desideratum, 
couphnl transmitim's an^ always us(m1. 

c. As regards the cnrnjij ^c.s.sr.s it should be l)orn(^ in mind that in th(^ 
simple*. MAR(a)Ni transmitter, tlu^ spark gap lie^s in tlui antenna, while in 
tlie coupliMl transmiti.(U* the gap is transfcMTCMl to the condeaisc'r circuit. 
As to which is the preferables le)esaiie)n de'pe'iiels upe)ii the parlieadar 
circumstance's. 

One thing is esertain: whe'n thes e)hjesc,t in viesw is to raeliate e)se‘illations 
having the le)we'st pe)ssible ele'e-n'inemi, fre)m a give'ii antenna,, tlie* e*.e)upleel, 
anel abe)vo all, the AVimn transnui tea’ is far supea'ie)r te) tliei simple AlAue:e)N[ 
transmittea’. In both eaise^s, with the simple a,s with the^ AVimn transmit- 
ter, we e)btain jiraedieially the natural e)scillati()ns of the a-ntenna; hut 
in the eaise of the simi)lo transmitter, the spark deauxanead',, which in 
itsc'lf is about as large as that e)r a weaikly radititing antenna having 
no spark gap, is addeel te) the ele'ea-ement of the antenna of the AV'ien 
transmitter. 

d. The additional advantage of Braun\s coupleal transmitter is that 
the upper partial omllalurm e)f tlie antenna arc not produced with an 
appreciable amplitude. This energy loss is therefore not involved. But 
in the Braun transmitter, at least when closely coupled, a second wave is 
obtained, which consumes energy, hut is of no value for the distance 
effect in the customary receiving arrangements. 

0 . A further material advantage of the coupled transmitter lies in the 
fac^t that the anteiiiiia is charged, not directly by the induction coil or 
u 
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transformer, as is the case with the simple transmitter, but only by the 
oscillations. The result is that the insulation of the antenna becomes a 
much simpler problem and that when slight faults occur in the insulation 
these have but little effect upon the oscillations [Art. 43]. In the simple 
transmitter, the slightest defect in the insulation suffices to endanger the 
entire operation. 

There is a natural tendency to belittle this last element and to assume 
that good successful insulation can present no serious technical difficulties. 
The fact remains that insulation troubles, especially in the tropics, are 
often so great, that they have caused the failure of entire installations^®^ 
[see Art. 126]. 

120. Comparison of the Braun and Wien Transmitters. — a. The main 
advantages of the Wien transmitter as compared to the Braun trans- 
mitter are as follows: 

1. In the Braun transmitter the oscillations and hence the energy con- 
sumption in the primary circuit last as long as in the secondary. In the 
Wien transmitter they last only for a few periods. 

2. The Braun transmitter produces two waves in practice, of which 
only one is fully made use of in the receiver. The Wien transmitter 
emits practically only one wave from its antenna [Art. 78c]. 

As regards this second point it is of course possible to prevent the 
formation of two waves by means of very loose coupling [Art. 105], but 
then the transfer of energy to the secondary circuit becomes very ineffi- 
cient. The former frequent practice of making the coupling just suffi- 
ciently loose to make the two coupling waves only slightly different in 
their wave-length, is of little or no use. The two coupling waves in that 
case act upon the receiver like a single wave of much higher damping, 
which makes the advantage of the coupled transmitter jnore or less 
illusory. 

As to the first point, this would absolutely fix the superiority of the 
Wien transmitter, so far as efficiency is concerned, if the same potentials 
and the same spark gap were used in the Braun and Wien transmitters. 
But, as a matter of fact, a relatively long spark gap, with resultant low 
gap decrement [Art. lid], is used in the Braun transmitter, while either 
low potentials and short gaps or high potentials and a scries of gaps,^.c., 
in either case, a high gap decrement [Arts, lid and 12] aiu used in the 
Wien transmitter. Hence the energy consumed per cycle is much greater 
in the Wien than in the Braun transmitter, so that the total energy loss 
in the gap circuit of the Wien transmitter may be quite considerable in 
spite of the short duration of the oscillations.'*' 

* This no doubt is also why it is so important to have the coupling in the Wien 
transmitter as close as* possible, thereby minimising the duration of the primary 
(iscillations, without, however, making the coupling so close as to impair the quench- 
ing action. 
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Nevertheless the modern Wien transmitters seem to be much more 
efficient than the old Braitn transmitters.* But in acknowledging this 
it must be remembered that formerly fundamental principles in the con- 
struction were often disregarded either for the sake of convenience or for 
other specific reasons; some of the old transmitters actually appear as if 
they had been intended not merely for telegraphing, but also for warming 
the room in which they were located by the heat developed by the eddy 
currents. In the meantime experience has taught the necessity of 
applying the principles discovered in the laboratory to commercial sta- 
tions so as to minimize all losses of enei’gy. Hence we should not compare 
an old, poorly constructed Brauk transmitter with a new, Wien trans- 
mitter designed and (constructed with the proper (^are. 

It is readily conceivable that the viechanically quenched gaps should 
have high efficiency, as the use of long sparks and therefore low gap decre- 
ments is here possible. In any case, Mauooni’s combination of mechan- 
ical quenching with short-cinmitiiig the gap must be very efficient, for it 
unites good quenching action with low energy consumption in the con- 
denser circuit. 

Quenching tubess also p(*rmit tlu^ use of long sparks witli low gap decre- 
ments. Th(‘ir us(^ can give' very good efficiency — M. Wi kn‘’“ obtained 
80-1)0 p(U’ (^ent. offi(4en{‘y (rat io of se(^ondary to primary (mc'rgy) at 110,000- 
80,000 volts primary although the eiKM'gy loss in th(' t-ulx^ is added to 
that in the spark. 

b. The use of high initial voltages and long sparks in the Braun 
transmitter is not accidcmtal. Nor does tlu^ n'ason lie sohdy in tlie low(‘r 
decrements of tln^ longsi)arks. I’orin theBnAUM transniil icr, of the two 
possibk^ im^i hods of ineivasing l.lu^ energy of the transmitter (/'.c., inciuas- 
ing either tlu^ initial voltage' or the spark fi'(Hiuency) only tln^ former can be 
doin' in a siinph^ way, th(' lai-ter involving consideu’abh' diffi(mlti(^s. If 
the gap Inis stationary ('h'l^trode'S, then, evem with such larger dimensions 
as lu'long to tiu' spark ga}) shown in Tig. 217, local hea-ting of the ehn*- 
trod(\s, with all its atleaukint disadvantage's (a, res, ree.luce'd bre'akdown 
potemtial), is unavoidable, if the* spark freuiue'ncy is brought to the region 
of 1000 cycle's pen* se'e^. The^ use* of rotating el('(d:rodes, however, is in- 

* Count Aaco'^"’ <^hiiins llint the (eaiorgy of l.Iio seoondiiry dividod l)y 

the primary (JiKirgy) of Mio Tklupunkion (iaeneli(*d gap transinittcjrs is about 85 per 
cent.’"*'* 

M. WiEN^" obtained the following figiiiTS from a V(iry (carefully designed Biiaun 
transniifcten’at an iiiitialpoteaitial of 72,000 volts: <h - 0.084,^2 = 0.175, /C = 0.032, 
1 / « 82 per cent, and for (h = 0.034, di = 0.087, JC = 0.024, t? * 60 per cent. 
0) = (dlieienKiy). 8uch high efficiency, however, is attained only by the most ciaveful 
(•.onstruotion of the prinuiry circuit; as soon as Wikn replaced the compressed gas 
eondensors he was using by Mosenuici e!ondensers, the oiricicncy dropped from about 
80 to about 09 per cent. The efficiency of tlie Bwaun transmitters which were used 
in praejticc was nuudx lower. 
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herently a complication, so that this means is hardly apt to be chosen 
except for large stations [see Art. 114a]. 

In the Wien transmitter these conditions are more favorable. Here 
the oscillations in the primary circuit are only of very brief duration, so 
that the heat developed in the gap, at the same current amplitude, is much 
less. Furthermore the deionization of this type of gap is in itself so 
rapid, that there is but little tendency to form an arc. Hence, the use 
of high discharge frequencies involves no difficulties in the Wien trans- 
mitter [see Art. 1146], and the result, namely, a high, 'pure note in the re- 
ceiving telephone and a lowering of the aritenna potential, thereby reducing 
insulation difficulties, has proven its value in daily practice. 

c. In the Wien transmitter, there is an important advantage, particu- 
larly for portable stations, in conjunction with the short duration of tlu^ 
primary oscillations, namely, the possibility of using condensers made of 
mica or similar dielectrics. The doing away of the series connection 
means a general simplification, not only for portable sets, but for all other 
stations as well [see Art. 112a]. 

The brush discharge on the condensers, which is very harmful in tiie 
Braun transmitter and necessitates undesirable complications [Art. 108a], 
is of no importance in the Wien transmitter. 
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HIGH FREQUENCY MACHINES FOR UNDAMPED OSCILLATIONS 

121, The Alexanderson-Fessenden Machines. — It is reasonable to 
eripoct, a pnori^ that undamped oscillations of high frequency can be 
generated by a machine in the same way that commercial alternating 
currents of lower frequencies are produced. But it is an exceedingly 
difficult problem when frequencies of the order of 10^' cycles per sec. are to 
he obtained. First of all, at these high frequencies, the hysteresis and eddy 
(uirrent losses become very large; a radical attempt to prevent the former 
by Iniilding machines without iron was soon abandoned as impractical. 
Then the structural difriculties increase very rapidly as the frequency is 
raised. Assume that a freqiKnicy of 10^’ cytdes per sec, is obtained at the 
maximum allowable speiMl of 20,000 r.p.m.;'*’ tlum if the diameter of the 
rotor is 305 mm.,t a j)a,th of only 3.2 mm. nmiains for tlie gemeration of 
(‘ach cycle, that is, 3.2 mm. is the maximum width available for a pair of 
armature coils with tlunr insulation. An<l if this width is not to bo 
further reduced, a high speed is unavoidable, thereby involving the well- 
known mechanictal dilficuities athuuhuit iq)()n rotation at such velocities. 

In spite of tlu^se diflic-ultii'S, N. TnsiiA\s (^arly efforts in this <lirection 
have l)('(‘n rcuunvial again a.nd again, ])arti(uilarly in Aimah^a, where 
Fusskndun (l(wu)t.(^d hims(‘lf to tlu^ i)rol)l('in. The, high. fnMpu'ucy alt(‘r- 
Jiators which through Jiis inlluenc(^ wcmh^ built I'oi* tlu^ Nat. Elko. Sk;. 
('()., by th(‘ CtIOnuual EuKcTuro (\). Crom h). F, W. y\LloxANl>nHsoN^s^''■'^ 
(h'signs, ])rol>ably r('pr('S(uit tlu^ Ix'st whi<!h has Ixmui a.chi(wed in this field 
of work in tlu^ ])a.st.. 

a. Th(‘. 1 ()(),()()() cy(^l(' ALioxANnKUSON a.lt<M*na,ior (X = 3000 ni.) is of 
th(* inductor tyjx^ 

h'ig. 250 is a (liagra,mmatic. cross-sec.tion of one of these alternators. 
The excit ation is obtahu'd by nu'ans of a single huge fu^ld coil, which is 
wound around tlu^ entire machine Jind is suppHcxl with direct current. 
Tlu^ magneth^ flux liiK'S, il/, of this coil pass through the iron cores, Ah and 

of the small armature (xnls, >Sh and Ah. The only movable part, J j, has 
te(^th or ])roj(H‘,t-ions, Z, of iron, at its peri])hery. When one of tlu^sc teeth 
is just/ Ix^t-ween the armature <x;)ils, Si and S 2 , the magnetic flux, M, has 
a path almost entirely through iron, exeepting only at the very small air 
gaps between the teeth, Z, and the cores, Ei and E 2 ] in this position then, 

’"KSpood of ATiTOXANDionsoN’s machine at a froquoiic.y of 10*^ eyedos por see. 

f Diameter of Alkxandkiison generator. 
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the magnetic reluctance is a minimum, the magnetic flux passing through 
the armature cores, Ei and Ezj a maximum. When, now, a space in- 
stead of a tooth lies between armature coils, the air gap, and hence the 
magnetic reluctance, are much larger, so that the amount of flux through 
the armature windings is very small. Hence as the movable part, J, 

rotates, the magnetic *flux passing 
through the armature coils varies peri- 
odically between a maximum and a 
minimum value, so that an oscillatory 
e.m.f., whose frequency = the product 
r.p.m. X number of teeth, is induced 
in the armature winding. 

The rotor of Alexanderson's ma- 
chine is shaped like the cross-section, 
Jj in Fig. 256 and has 300 teeth. The 
space between the teeth is filled with 
a non-magnetic material (phosphor- 
bronze) so that the surface of the rotor, 
Jj is quite smooth, thereby preventing 
any material loss due to air friction 
(windage). 

The armature winding, in which the 
oscillatory e.m.f. is induced, does not, 
properly speaking, consist of coils, but 
of a single wire wound in a wave- 
shaped form (Fig. 257); any two such consecutive U-forincd wires may bo 
considered as a pair of coils of one turn each, joined in series but so as to 
oppose each other. Fig. 258 shows one-half of the completed armature. 

The capacity of the machine — shown wuth its D.(^. motor in Fig. 259* 
— ^increases as the air gap between the armature and the rotor is decreastul. 
It was 2.1 kw. in one machine having a 0.37 ram. air ^ 
gap. The author has no record of its efficiency. Qj""""" iNiiiniiiiir i mi i ii i iii iii- 

h. A second machine with a. frequency of 50,000 (q 
cycles per see. (X = 6000 m.) and a capacity of 35 
kw. is shown in Fig. 260. This alternator was also (o 
designed by Alkxandekson and has a diameter of ^ 
about 1 m. Further details had not been published ^ 
at the time of writing. 

c. R. A. Fessenden'®® has described still another 
high frequency generator. Like Aeexanderson’s machine, it is also of 
the inductor type, but is characterized in that its movable portion (J, 
Fig. 256) acts at the same time as the short-circuited armature of an 

* High, frequency alternator to the left, coupling in the middle and motor at the 
right. Diameter of alternator about 30 cm. 







216 


‘ WIRBLMS TELEGRAPHY 


A,C. motor (A.C. frequency = 500 cycles per sec,). Tins inaclnno 
is very simple in construction and is claimed to have given 2.5 kw. at 
JSr = 1 X 10® cycles per sec. 



122. Goldschmidt’s High Frequency Generator. — Tl. Goldscjimjdt’*'^ 
has attacked the problem of generating the higli frequencies needed in 
radio-telegraphy along a different path. 
a. The basis of his method is as follows: 

If a coil, li (rotor), revolves in the magnetic field of a fixed coil, S 
(Fig. 2G1), through which a direct current is flowing, thou the frequency, 
Nj of the e.m.f. induced in 12 is equal to the number of revolutions of 72 
per unit of time. But if an alternating current of frequency flows 
through the coil aS, it can be shown^^® that the e.m.f. induced in 72 may 1)0 
considered as made up of one e.m.f., 8, of the frequency N + N' and 
another, s', of the frequency, N — TV', 

What has just been stated in regard to the rotor with respect to the 
stator, must necessarily also hold for the stator with respect to the rotor; 
for as the induction depends only upon the relative motion of the two 
coils, the same result would occur if the rotor were held stationary and the 
stator rotated in the opposite direction. Hence we may state: If an 
alternating current of frequency is flowing through the rotor while the 
latter makes N revolutions per second, its field will induce an e.m.f.j 8, of 
frequency N + N', and another, 8', of frequency N — iV', in the stator. 
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h. Now (ionsidcr the arrmigement of Fig. 2G2. The storage battery, 
sends direct current through the stator winding, S. Then an e.m.f., 8 i, 
of frequency N, whei’e jV = revolutions per second of the rotor, is induced 
in the rotor. This e.ni.f. sends an alternating current, Ji, of the same 
frequency through the short-circuited rotor winding. Then, according 
to a, there is in turn induced in the stator an e.m.f., S 2 , of frequency 
N + N — 2N and another, S' 2 , of frequency N — iV = 0 ; the latter, 
therefore, is not an oscillatory e.ni.f. 

The e.m.f., S 2 , induces a current /a in the circuit comprised of stator 
winding, S, condenser, C, and the result of this current is that an alter- 
nating field, of frequency 2Nj is superimposed upon the constant magnetic 
field of the direct current. 

This, according to a, results in an e.m.f., 83 , of frequency 2N + N == 
dNj and another, S's, of frequency 2 N — iV = iV in the rotor, the latter 



(Mu.f., r/3, julding its(^lf to 81. Tlie albu’nnting curnuit /s, due to 83 and 
of fr(H]uen(ty flows through the rotor winding and, according to a, 
induces in the stator winding, /S, an e.m.f., 84 of frequency 37V + TV" = 4A^ 
and anotlnn*, 8'4, of frcHpunKty 3 TV — TV = 2/V‘, the lat.tcn* having the same 
frequency as 80, upon whic*h it is superimposcul — and so on. 

The remit of the arrangement of Fig. 2()2 must therefore be the forma- 
tion of alternating curi’enis whose frcupiemiies arc 2Nj 47V, G7V, etc., in 
the stator and TV, 37V, /)7V, etc., in tlui rotor. 

c. However, wliat is needcHlfor radio-t(4egraphy,is an oscillation of 07 ie 
mi(jlG frequency in the antiuma. To obtain this, CSoldsohmidt — this 
comprises the second cssemtial feature of his method — makes use of the 
resonancG principle, by means of which he brings the amplitude of the 
oscillation desired for actual service and of those oscillations which de- 
termine this useful oscillation, to such high values that the amplitudes of 
the other oscillations disappear by comparison. 
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Fig. 263 IS the dia gram use d by Goldschmidt himself to explain this 
method. The circuit RCzD^C^, which is tuned to the frequency iV, serves 
to strengthen the current Ii; the amplitude of the rotor current depends 
only upon the ohmic resistance* of this circuit. At most only a very 
small part of the current, Ji, flows through the condenser Cb, for at the 



Fig. 263. 


frequency, N, the inductance of the 
winding D2 is made equal to the 
condensance (or capacity react- 
ance) of the condenser C4:* hence 
the impedance of the branch JD2C4 
becomes much lower than that of 
the branch containing Cd, whose 
impedance is simply the conden- 
sance of condenser Cb. 

The stator current /2, of fre- 
quency 2N, attains a very great 
amplitud e due t o the fact that the 
circuit SCiDiC^. is tuned to the 
frequency 2N. Furthermore this 
current is prevented from flowing 
into the antenna because the in- 


ductance of the winding = the condensance of C2 at the frequency 2A. 
Th e resonance circuit for the rotor current /s, whose frequency is 3iV*, is 

RCzCb. 

The circuit /SC2-antenna-groundt is tuned to the frequency, 4^*, of 
the useful current, 74. The latter flows with any appreciable amplitude 
only through the antenna and not through the shunt DiC^j as the impe- 
dance of this shunt is much greater, at this frequency than the condons- 


ance of the antenna capacity. 


If it were desired to use the frequency SN, the antenna would have to 
be connected to the I'otor in place of the condenser (7f,, and the condenser 
C2 and inductance Z>i could be omitted from the stator circuits, if Ci were 


* It is well known that the current, /, in a circuit consisting of capacity, (7, st^lf- 
induction, L, and resistance, /i, when the impressed or induced potential is To, is given 
by 

1^0 


So that if <aL = •— » we obtain 

<i)C 



t.e., only the ohmic resistance, R, determines 1 [see Art. 67&], 

t The antenna-ground circuit may, for the purpose in view, be considered as simply 
a condenser. 
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properly dimensioned. This would materially simplify the connections 
but, of course, the frequency would only be brought to three times the 
initial frequency, the latter being determined by the number of poles and 
speed of the machine. 

d. At the right of Pig. 264 is shown a Goldschmidt machine which was 
put into service by the O.Loiiidn-z C'o. at the Ebeuswaldb station in April, 
1010. The driving motor is at the left and in the center is a gear case, 



Vui. 2 () 1 . 


n('e(l('(l to ])ring tlu^ comparatively low motor spec'd up U) ilie liigli sjxhmI 
required by the generator. The Ijitttx’, of courses, is of muli-ipohir con- 
struction and gives 12.5 kw. at a iVcxpieiH^y oT X 10^ (\ycl(‘s ixu* sec. 
(X == 10,000 m.) with an ofIi(den(*y of 80 p('r c('ut., and 8 to 10 kw. at 
6 X 10'^ cycles jxu* sec. (X = 5000 m.).'’' 

* In rcKiinl to the high frc(iii(ni(\y g(’n(*nti.or of Count Aiteo (Tclcfunkrn) and his 
iindhod of fnxiucixfy tnuisronruitiond^^' s(U' Mi(‘ nanarks ai tlx' end ol’ tla^ hook con- 
cerning dcvolopnumta in radio-telegraphy during tlx^ last few yc^ars. 
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OTrDAMPED* OSCILLATIONS BY THE ARC METHOD 

1. THE VARIOUS ARRANGEMENTS 

123. The Problem and Its Solution by V. Poulsen. — Tlio requirninonts 
which undamped oscillations must meet in order to bo of uso for radio- 
telegraphy are as follows: 

1. Theiv frequency must lie within the range used in wiroloss tolegrjiphy 
{i.e., N must be between about 10® and 4 X cycles per sec., coi'rc^- 
sponding to values of X from 300 to 8000 m.). 

2. Their energy must be sufficiently great, and 

3. Their amplitude and frequency must be nearly enough comtant for 
radio purposes. 

The arrangement by means of which undamped oscillations can Ix^ 
produced in a condenser circuit is that shown in Tig. 244, in sliort it is 
the same as that by means of which a quenched gap circuit can be ex- 
cited with direct current. Whether this arrangement will give undainpcxl 
or damped oscillations depends upon the construction of the condcniscn* 
circuit, the nature of the gaseous gap, F, the dynamo voltag(^, th(^ r('- 
sistance and self-induction of the supply circuit and, finally, u[)(jn wli(4 Ikm*, 
and if so to what extent the condenser circuit is coupled to a scu^oudiiry 
circuit. 

a. Elihit Thomson and N. Tesla, later also R. A. Fessenden, innd(‘ 
early^^® use of this arrangement for the purpose of continuously ex(d,ing 
the natural oscillations of a condenser circuit by means of clirtM^t (uirrcuit 
[Art. 115]. It is highly improbable that either Thomson or Tesla sik^- 
ceeded in actually obtaining undamped oscillations of su(4i fi’(Hpi(»ncy 
and energy as come into question for radio-tclegi‘aphy. Thomson’s 
spark gap (the arc) had solid metallic electrodes in air at atnios])li(‘i'i(i 
pressure; with such electrodes, however, and potentials of not much more 
than 1000 volts, it is hardly possible to obtain undamped oscillal.ions a(i 

* By ^‘undamped oscillations,” the author undorstands oscillations of which tlxi 
amplitude remains unchanged from period to period (iii the arc method, ostdllaliioiis 
of type I or II [Arts. 130 and 131]). The designation *^continuous” oscillations is 
also frequently used. But against the use of this toinn stands the existence*, of (con- 
tinuous oscillations whose amplitude varies from period to period (s(c (5 Fig. 2D0 and 
Art. 109e). The name '^‘continuous” is therefore not sufficiently siJ( 5 cifio for tli(i case 
in question. 
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hx^li frequency, of sufficient regularity to meet even the most modest 
radio requirements. Tesla made some use of carbon electrodes, which 
are far more apt to make the production of undamped oscillations feasi- 
ble; but even if he ol)tained undamped oscillations, their frequency can- 
not have been very high, as even his highest discharge frequency gave 
an audible tone. 

Tluui, somewhat later, W. Duddell^*^^ experimented with the ar- 
rang-ement of Fig. 244 using carbon electrodes and undoubtedly obtained 
undanqxKl os<ullations in this way. In fact he at that time discussed the 
ess(^iitial condition for their production and through his experiments this 
.method of gcnuu’ating oscillations became quite popular. 

Soon iifttu- this the action of damped oscillations as used in radio- 
telegi'a.phy was investigated more thoroughly and the advantages of 
low damping in the transmitter became evident. From then on un- 
<la-nip(ul oscillations were the soh^ aim of nearly all workijig.in this field. 
Ihit diiliculties were encountered when it was attempted to bring the 
frequency up high enough for radio pui'posi^s with Duddell’s arraiige- 
nuMit. Jhmc.e, after along series of unsucc^essful attempts it was con- 
cluded that it is impossibles to obta-in umhimped oscillations of frequencies 
above^ ,1()(), ()()() cydc'S pen* seu*-., with Duddwlt/s arrangement using car])e)n 
(4e‘eI-i*e)de'S for the are. llowewen*, WmiTiiniM-SALOMONSON^^'-^ disproveel 
this theM)ry by e)l)taiuing oseallations at 400, 000 eyeless pen* sec., using 
DunnELf/s mei.he)d. Ihit the ame)unt e)f cnvnjij whieb c.e)ulel ])e^ drawn 
fre)ni tlie^se ose*illations was so slight, that his results ce)ulel iie)t yet ])e^ 
ce)nsieler<Hl a prae*t.ica-I se)hitie)n e)f (he i)re)I)lem of geniea’atiiig uudampe^el 
oscillat ie)ns fe)r ra-die)-t.(‘l('gra.phic ])urj)e)se's. 

b. This ]}re)l)lenn, was first se)Ived by Poulsen’.-^^ ITe^ se)e)n she)we'el 
tlnit ilui a.rrangeanemt e)f Ifig. 214 woulel give iinehunpeHl oseiillatiems at 
raelie.)-frenpiemen(‘S and sufUe'.ient enen*gy, if moelifie‘el as f()lle)ws: 

1. Tlie ga.]) (or are*., F, Kig. 244) is placeul in kydnujen e)r a gas contain- 
ing liyelrogem. 

2. The.^ pe)sil,ivei e4(n',tre)ele^ e)f thei gap (or arc) is e)f copper, pr(4en*ably 
ea)e)leMl by cirendating watea*, red-aining e!arbe)n e)nly lor the negative eleo 
i-re)elen 

Ih A magnetic field is cause^d to act upon the arc (magnetic blow-out). 

Fui*t-lun’more, in orelor to improve the regularity e)f the oscillations, 
whiedi is of great practical importance, we should add another require- 
ment, v\yj,j 

4. One of the elenttrodeis (the carbon) is slowly revolved about its axis. 

The Pouhen ari’angcnnenit (“Pouhen ycncrator/^ ^^Pmdsen arc”) is 
tlu^reforo in principle that she)wn in hig. 205, in which, however, the nec- 
(*ssary auxiliary apparatus for rotating the one electrode is omitted. 
The two iron (^ores with direct current flowing through their windings 
provide the niagiielic blow-out» 
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The requirements as given by Poulsen are not of equal importance. 
A hydrogen atmosphere in the arc, perhaps in conjunction with the par- 
ticular materials chosen by him for the electrodes, suffices to secure the 
high frequency needed for radio-telegraphy with sufficient regularity of 
the oscillations. The magnetic field is required only — and apparently 
is even then not absolutely essential — if a very great amount of energy 
is wanted from the condenser circuit. 

c. The Telbfunken Co.^®^ arrived at a somewhat different solution 

of the problem through 
tests made at the sugges- 
tion of H. Th. Simon. 
The Telefunken “high fre- 
quency lamp’’ is character- 
ized by the following points 
(Fig 266): 

1. As in the Poulsen 
generator, the negative 
electrode at the arc is of 



Fig. 265. 


carbon, the positive, of copper, the latter being water-cooled. 

2. The arc burns in a hollow in the copper electrode, hence in the gases 
or vapors produced by the arc.* 

3. A number of such arcs are joined in series. 

Fig. 267 illustrates the construction of one of these lamps; this form 
was used for a time in connection with wireless telephony, but is no loiigcu* 
in use. 205 

124. Commercial Construction of 
the Poulsen Generators, f — Figs. 

268 (C. Lorenz Co.) and 2692<^® show 
the earliest construction of the 
Poulsen generator with transverse 
magnetic field, according to the dia- 
gram of Fig. 205. The part con-*^ 
taining the heavy cooling vanes which 
is known as the “flame chamber” 



encloses the two horizontal electrodes which can be brought togeituM* 
for an instant at starting by means of a lever arm (at the upper right 
of Fig. 268). The large coils with their iron cores furnish the horizontal 
magnetic field across the inside of the flame chamber, and the small 
motor serves to revolve the carbon electrode. 

&. A second, considerably different form of construction uscul for radio- 


* Similar to the burning of flaming arc-lainpa. 

fThe credit for developing the construction of the Poulsen generators rests 
with the former Amalgamated Radio-telegraph Co. (in particular with Mn. Rattscjc 
VON Traubenderg^o^) and the C, Lorenz Co.’s telephone and telegraph works. 
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Fig. 209 . 

telephony and wherever there is no need of great aniounl-s of (MUMgy, 
is shown diagraminatically in Fig. 270. The arc is vertical, tlie coppiM- 

electrode, which is formed with lai'gc^ Viines 
(R), is at the top and the carbon (ykn^trodc', 
which is made of a short piece of hoin()g(Mi(M)us 
carbon, is at the bottom. Tlui inagiuitic. lic'ld 
is produced by a single winding, S, having a 
vertical core, Ei, and the course of tlu^ ina-giu^ticj 
lines of force is guided by means of an iron ring, 
JS 2 , at the end of the copper electrode. TIk^ 
effect of the magnetic field is to caiisci the iU’C 
to move slowly about in a circle. 

An actual construction of this form of 
PouLSEN generator is shown in Fig. 271. 

The principal object attained by tlie mag- 
netic field of this second form is that tlio ari^ is 
constantly moving about from point to point,, 
so that rotating the electrodijs becomes sujx'r- 
fluous. The disadvantage of this form, however, is that this arrang(v 
juent makes it impossible to secure the same magnetic field stnmgths or 
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to use them to their best advantage, so that it is not possible to obtain 
as high energy in the oscillations as with the form having a transverse 
magnetic field.* 

c. The hydrogen atmmphere was formerly obtained by causing a 
stream of hydrogen gas to flow through the case of the Poulsen generator. 


jfr— 





Pkj. 271. 


The hydrogen was either taken 
directly from tanks, as marketed, 
or chemically prepared in special 
apparatus by the decomposition of 
water. 

The method lately in common 
use is much siniph^r. A small feed 
cup similar to lubricating oil cups 
(see pigs. 208 and 209) is located 
over the ease and is filled with 
alcohol whi(^h continuously drips 
into tlie flame chamber where it is 
vap()riz(Hl. 

126. Use of the Poulsen Arc 
for Measuring Purposes. — ]'"or 
iiu^asiii'emeiits, maxiniuin n^gular- 
ity of the o.s(*ilIati(>ns, rather than 
a great amount of energy is the 



'(‘sseniial. Th(M‘(^for<^ a transverf^e inngnelic field is undesirahle as it 
clocks not tend toward constant regularity [Art. 130c]. Moreover 

* The Knockuok-*''* Station, \vlii(ili was oporiitcul with 10-15 kw. oBoillatory 
(energy, had a transvcrwci field of 10,000 lin(\s of for(!C per sq. c.ui. The Cullkkcoatb^*’* 
Station (5 kw.) was equipped with a PotiLsnN generator of the second form. The’ 
energy which eaii he drawn from the oscillations is (daimed to bo about 19 per cent, 
of the total emn’gy supplied ]>y the P,C, generator."*'^ 

15 
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it is very important that the condenser is not of too great capacity 
[Art. 135c]. 

0 . For some purposes the simple form of lamp shown in Fig. 272 
(F. Kiebitz) suffices: P is a copper plate or disc cooled by water on top 
and if is an adjustable carbon electrode. Hydrogen bubbled through 
acetone is recommended for the atmosphere in the arc chamber. 



Pia. 273. 

6. The Ph3rsikalisch-technische Reichsanstalt hiis designed a FottijKmn' 
generator for measuring purposes which gives particularly constant 
oscillations, but very little enei’gy. 

^ “In this lamp the arc burns between a cooled outer copper cylinder of 23 mni. 
mside diameter and 30 mm. high and the surface of a homogeneous carbon, 
22 mm. thick. A magnetic field in the direction of the axis of the carbon and 
whose strength is adjustable, keeps the arc in constant rotation, thereby jircvent- 
ing the carbon from_ burning off unevenly. Three screws at the ends of tlie carbon 
serve for centermg it with respect to the copper tube and ai-e so arranged that this 
adjustment can be .conveniently made even while the lamp is burning. The 
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magnetic field is produced by a coil througli which the arc current flows. The 
ciiiTont is furnished by a storage battery at 240 volts. A suitable series resistance 
can bo conveiiieutly made from Nernst iron resistors/' 

c. Pig. 273 shows a Poulsen lamp of theC. Lorenz Co., designed espe- 
cially for measuring purposo>s. It is provided with an automatic regulat- 
ing device (whicdi can be seen under the lamp proper in Pig. 273) for the 
arc iind is claimed to give very constant oscillations for long periods. 

126. Circuit Connections of the Poulsen Transmitter. — a. Coupled 
PonUvn. Tran,wiiUcr, — Iji the first period following the discovery of Poul- 
HEN, th(^ same method of working as in the Braun transmitter was used, 
I^robably universally, i.c., the IkjULSEN generator was connected into a 
coruhmser circaiit and tlu^ antenna coupled thereto. 

To 1)0 sure, the condenses* circuit of the Poulsen transmitter was quite 
(lilTtu’cmt from that us(‘d by Buaun. Of the requirements for the Poulsen 
cinuiit, viz., 

1. Lowi'st p()ssil)l(^ (hunping, and 

2. ('Oinj)iira, lively little capacity and largo self-induction, 

the hittcH- is in dii*ect coni rast witli those of the Buaun transmitter, where 
the capacity is chostm as giH^at as possible [Art. lOOr/J. The first rcquirc- 
nuuit caus(Ml tlu^ us{^ of air or oil cojidensers, to prevent the loss due to 
di(‘lectric hyst(M‘('sis which occairs in solid di('lectrics. Moreover, the use 
of air or oil condcmsc'rs involvc's no sin^h difficulties with undamped os- 
cillalions as wilh the JhtAUN I runsmitter, as in the former much lower po- 
b'nlials (a.t most a tliousand, usually only a few hundred volts) and much 
h'ss capa.city‘‘' ar(^ used. 

^''Iie (a)uph'd Poulsen generator is still in use for wireless tedephone 
work ((Miap. XIV), in ('xci^l)tional (uises also for wireless telegraphy. 

'J'he coujding l)t*tw(Hui tlu^ i)rima,ry circuit and antenna was inductive 
and loos(^ ill the Poulsen sialion at Knockuoe.-**’^ Occ^asionally, how- 
('V(M', very closi^ (Coupling was used. A medium degree of coupling is said 
1() be undi'sirabh^, as this Uuids to make the frequency jump liack and 
forth l)(‘tween two limiling values. j* 

?). The uncoupled PouIhvu trnmuidttcr. If antemuo of relatively 
largo capacity are used and coils of considerable self-induction are in- 
serted in these, then the ratio of supplied to useful (converted) energy and 
of capaiuty to self-induction are about the same for a Poulsen generator 

*Thft capacity of the Poitlsion station at Knockrou,**®'* intc^iulod for transatlantic 
•sca-vicc was only O.Oil nif., while tho Buaun transmitter at NAUWNhad 0.4 mf. and the 
Marconi station at CnirunN had 1.0 inf. (air condensers) capacity [Art. 108a]. 

t It is usually stated tliat first one, then the otlicr “of the two coupling waves” 
appi^ars. The author is not aware, however, whether it has ever been proven that 
th(i two oscillations, which are apt to occur alternately in the Poulsen transmitter, 
are identical with the two oscillations which occur simultaneously in the coupled 
trausiiiitt(3r producing damped oscillations. 
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as for a normal condenser circuit. In this case, therefore, there is nothin^]; 
to be gained by coupling the antenna to a condenser circuit and it is cus- 
tomary to connect directly into the antenna, which results in a particu- 
larly simple arrangement. 

If the antenna capacity is relatively small the arrangement of Fig. 205 
[Art, 98&] — the Poulsen* arc being placed between -4. andJ? — is often used. 
This is frequently referred to as the “fly-wheel connection,’ 

127. Devices for Producing Signals. — a. For telegraphing witli 
damped oscillations a key which alternately makes and breaks the cii-(niit 
is sufficient [Art. 116]. For undamped oscillations this is not so simple, 
for the following reasons: 

The distance between the electrodes which is the most favora])le for 
the production of the oscillations, is generally greater than tlio gap hmgtli 
which the dynamo voltage would jump across and form an arc. Hencci 
it does not suffice to simply close the supply circuit by a key in order to 
ignite the arc. 

This could be overcome in two different ways. Provision could Ix^ 
made by means of properly connected condensers, inductanc(^s and niso 
transformers for producing a higher potential sufficient to form the ar(^, 
whenever the supply circuit is closed. Or again, the key e.ould 1)(^ so 
arranged that whenever it is closed the electrodes are brought into con- 
tact with each other or very close together. 

Both methods, however, have a groat fault. It is coinparativc'ly 
difficult to keep the frequency and amplitude of undamped oscillations 
constant. Hence it is of the greatest importance to leave thosi^ condi- 
tions, which affect* the oscillations, unchanged. It is evident that if tlx^ 
supply circuit is continually opened and closed, it beconu's prac^ticidly 
impossible to obtain fixed conditions and oscillations of the recinisile 
constancy. 

It follows that in all devices intended for sending telegraphic sigmils, 
Le., for alternately transmitting and suppressing the wavt^s, provision 
must be made for a minimum effect tqwn the oscillations. 

b. The following are but a few of the many more or hm successful 
arrangements which have been proi^osed for this purpost^ 

The arrangement of P. 0. Pedeksen*,-^® illustrated diagrammatic^ally 
in Pig. 274, is intended for use in the coupled Poulsen generator and scumis 
formerly to have been used in all the Poulsen stations. If the left cud 
of the key, T, is pressed down, the ticnal ^s connected to the cjoil ^' 2 . 
Upon releasing T, the condenser circuit, SiCLRy is completed and oscilla- 
tions induced in it by the primary cheuit, J._ The capacity self-indu(!tioji 
and decrement of the condenser circuit, S^CLii^ are made the same as 
the corresponding values of the aerial. Hence the primary circuit finds 
exactly the same conditions in the secondary in either position of the 
keyo 
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For tlie case of cliret^t eonneetiou of the antenna to the Poulsion* 
/>;eiiorator, tlio C. Lokenz proposes the insertion of an iron resist- 

ance in series with a coiiclenser circuit in the antenna and short-circuiting 
both by means of a key when telegraphing. 

c. In Pedeksen’s^®^ apparatus for rapid telegraphing, a small portion 



of ilie inductance ins('r(.<'<I in the a,nt(Uina is usually sliort-cinuiitc'd so 
tlia,t wav(\s ra.<lia(.i‘(l by tlic antcunia, snnu'what shorter than tln^ 
natural wa,vc-l(uigth of tlie rec(uv(*i\ Wluui signals an^ to be traiis- 
initUul, this short circuit is then opeiuu! and the recuaver j‘(\sj)onds to th(^ 
wa,V(\s. 

128. The Multitone Transmit- 
ter of C. Lorenz.-’^ — Aside from 
the direct application of un- 
dam [)ed oscillations to radio-t(0(^g- 
i-aphy, W. Bukstyn* i)ropose(l tlu^ 
use of the uiulampcul oscillations 
<()f a condenser circuit — the ^Hohg 
a'ircuiV ^ — of relatively low fre- 
apiency, for affecting the spark of 
m quenched gaj) circuit by the particular period of this tone circuit, so 

* The condenser circuit is connocted into the antenna like that {ALBCA) sh'own in 
Kg. :205. Th (3 condenser circuit causes an increase in the wave-length of the oseilla- 
ti(m!t^ whose amplitude is decreased because of the energy consumed in the added 
iron rjasistance. 




230 


WIRELESS TELEGRAPliy 


as to produce a tone of this period (or frequency) in the receiving 

telephone. (This is called a tone transmitter.) 

Fig. ;276 is. a sketch of the connections. CLTF is the quenched spai’k 
gap circuit. The supply circuit, LqRq, is fed by the direct-current gen- 
erator, ilif... ..The tone circuit, CiLij consisting of a. large condenser, (7i, 
and an inductance, Li, is connected in parallel to the spark gap, F. This 
condenser circuit oscillates (undamped) and the effect is about the sanuj 
as if the direct current supplied by the dynamo had an alternating cuir- 
rent (as from an alternator) of the same frequency as that of the tone 
circuit superimposed upon it. 



Ficj. 27G. 


The C. Lobbnz Co. has specialized in the construction of this ar- 
rangement under the name of multitone transmitter (J<lg, 27(.)). 
condenser C of the diagram (Fig. 275) is the mica condenses* sckui at (hij 
lower left-hand corner of Fig. 276, and the spark is that shown in Fig. 233 
[Art. llld]. The coil Li is built with an iron core and ctin bo soon 
back of the spark gap in Fig. 276. The electric constants arc; so chosou 
that the discharges of the circuit CLTF (Fig. 275) arc of the form dis- 
cussed in Art. 109e, Le., we have a case of impidse excitation. 

By means of a keyboard (on the top of the case in Fig. 276) various 
numbers of turns of the winding Li (Fig. 275) can be chosen, so that the 
frequency of the tone circuit and hence the tone in the receiving tele- 
phone can be very easily varied in this way. This simple choice of tone 
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forms an advantage of this method as compared to tone production by 
means of an alternator, although the latter of course offers a far greater 
range in the amount of energy used. 

2. STUDY OF THE ACTION* OF THE ARC 

129, Characteristic of the Arc, — Under the term characteristic of 
tlie arc (or of some other current carrying conductor) we understand a 
curve whose abscissae are proportional to the current in the arc and whose 
ordinates are proportional to the potential difference between the 
electrodes. 

а. Experimental Determination, — The dircct’-current characteristic 
(so-called ^^static characteristic’^) is. obtained by simply measuring the 
current with an ammeter, the 
potential with a voltmeter and 
then plotting the values so ob- 
tained in curve form. 

If, however, the current 
varies with time as,c.f/., analtcr’- 
iiating currentj the characteristic 
may be found by means of the 
liuAUN tube, used as shown in 277. 

Fig. 277.t The curve oven* 

which the spot on the schmui of the Buaun’ tul^o moves, is the character- 
istic for that particular variable (uirreiit (“dynamic characteristic”). 

б. The Static Characteristic of the — In Art. l)/>, it was shown that 

with direcit current, within certain limits the voltage across the arc, F, in 
terms of the current, 7, is 



where a and b are constants. Hence, tlie characd-eristic is an equilateral 
hyperbola (F'ig. 278). It is said to be a “falling” characteristic, as an in- 
crease in the current correspemds to a decrease in the voltage. 

For very large currents 

V = constant = a 

* The explanation of what takes place in the arc method is due primarily to 
W. Duddioll, a. Blond jiJl, H. Tii, »Simon and H. Baukiiausen.®'^ There seems 
lately to have been a widespread impression that the work of these investigators 
(dfeoted Poulsen's invention, i.c., as if Poulskn had simply drawn more or loss evi- 
dent conclusions from oxistant theories. This, however, is an anachronism. Poulsen 
applied for his patents in 1902 and 1903, i.e.j 2-3 years previous to any of the theo- 
retical work which might come into consideration. 

t CiCi are small plates for the purpose of electrically deflecting the cathode rays; 
A is the conductor whose characteristic is being determined. 
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For very small currents, the equation ^iven abovc^ does not hold, pn-r- 
ticularly when Z = 0, F does not become infinity, but 

F = F. 

i.e., equal to the discharge, ^Hgnition,^^ or breakdown potential which is just 
sufficient to jump across the gap. In Art. 42 it was shown that tliis valu(^ 
depends upon the shape of the electrodes and the distance between th(uu, 
and also upon the nature of the gas in the gap. It is far greater than tlu^ 
potential which exists across the electrodes of the arc, while the latter is 
burning with even moderate intensity* [see Table V]. 




c. The dynamic characteristic for alternating current luis tlu^ shapes of 
the curve shown in Fig. 279. The following important points about i(. an^ 
noticeable: 

1. The value of the potential corresponding to a given (uirr(nit vnbie 
is not the same when the current is increasing as when it is (l(Mn-(‘{isiMg. 
Also there is a phase displacement between the curremt mid th(^ voliage; 
the latter is not at its maximum at the same instant as tlio currcuii-.f 

2. The discharge potential, F«, i.c., in this case, tlie potential at wlii(^h 

* If the distance between the arc lamp carbons is J-y mm., tlum F is in gcmn’jil 
more than 1000 volts, while the potential, at the time the are is burnint^, is of Mni 
order of 50 volts. 

t As these relations are very similar to those which exist botwoon inagiu^l.ic! Fortum 
and magnetic field strength in iron, H. Til Simon-^^ friyon tli(^ phenomenon tln^ 
name of “arc hysteresis.** These phenomena are closely related k) t\w :fa,ct tbaii 
the number of ions existing between the electrodes depends upon the curremt and tlu^ 
temperature of the electrodes at the preceding instant, the number increasing as lb(% 
current and electrode temperature increase. Hence with rising curremt the number 
of ions is less at a given current value than with decreasing current at tlie same e.urrtmt 
value, and the voltage necessary to produce a given current is greater in the first 
case than in the second for the same reason. 
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the (uiiTcnl, pass(‘s through zero is comparatively veuy low, as the gaseous 
l)ath remains ionized even after the current has disappeared. This is duo 
U) i-ho fa.ct tliat in an ionized gas a little tiinci is always required before the 
ionization lias entirely disappeared [Art. 65a], and also largely to the fact 
that the electrodes, as long as they remain in- _ 

candescent, emit electrons which tend to ionize 
the gas [Art. 42c]. 

130, Type I Oscillations. — < Jo. Con- 
sider the arrangement shown in Pig. 2S0. Tlui 
resistance, Ro, and the coefficient of sclf-indiu^- 
tion, I/O, of the supply circuit arc first chosen so 
great that neither the current in the condenser 
circuit, CLR, nor the conditions existing in the 
ai'c can have an appreciable effect upon the 
sui)ply current, Jo, which may therefore be con- 
sider(Hl as constant. 

In the case of type I oscillations, i.c., oscilla- 
tions in wliich the ampUtudOj 1^, of the altcrnaL 
imj carrcut ?‘.s* Zfj.s-.s than the sup'plu current Jo, tlu^ 

(uirrcMit curve'*' is of the form of the heavy full 
line (uirvo shown in 3<'ig. 281. It follows that 
W(^ obtain an undomped, alniOHt sinnmidal, alter- 
naling current in. the comlemer circuit with type I 
oscillatioufi. The voltag(j across the arc is not 
sinusoidal, but varies about as shown by curve 
1' in ]<'ig. 280. 

TIu^ ch.‘ira(d.eristic of the arc with these oscilhii ionsf lias tlu’; form of the 
lu'avy full line (uirvc of Pig. 282. ''.riu^ vahu‘S of the supply current, Jo, 

and of the .I).(h voltage, Ko, corresponding to it'l arc shown as heavy 

(h*ish(‘d lines which divide the 
plane of the papeu’ into four 
qua.drants marked J, //, J/J, 
JK. Now, not only for ty])e J 
os<ullations, but in all case's 
wluu'c a dii’oct and alternating 
curremt arc superimposiHl the 
following condition holds: As 
long as the characteristic lies 
within the quadrants II and IV f 
energy is added to the alternating current, while when the characteristic 




* In Pig. 281 and tho following figures the ordinates to the left represent values 
of hj those to the right, of I (current in the arc = /o + Ji). 
t And with homogeneous carbons and slow oscillations. 

{ In tho static characteristic. 
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lies in the other two quadrants, I and III, energy is taken from the 
alternating current. The diagram, however, gives no indication of the 
amount of the energy changes. 

131. Type II Oscillations. — > lo; Wo Re-ignition. As soon as the 
amplitude of the alternating current, 7i, becomes greater than the supply 
current, Jo, then during the half period in which Ji, flowing through 




the path AB (Fig. 280), has the opposite sign (direction) to that of Jo, iJie 
current/ = Ji + Jo in AB must = 0. Consequently the arc is extinguished 
and docs not form again until the voltage, V, across the electrodes has 
reached the value of the breakdown potential, Fs. 

a. Figs. 283, 284 and 285* represent a scries of cases diagraminati(^ally, 
under the assumption that the ignition of the arc takes place suddenly 



and that the voltage across the arc while burning, F&, remains constant. 
Fig. 283 represents the case in which the current amplitude in the con- 
denser circuit, Jio, is only slightly greater than the supply current Jo; in 

* Figs. 283 to 287 and 290 are drawn from figures of H. Barkhausmn.®^® In 
these figures the full line voltage cuive represents the voltage between the condenser 
coatings, while the heavy dashed curve gives the arc voltage. 
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ris. 284 7io is niucli greater than Jo. In both cases it is assumed that the 
(lamping of the natural oscillations of the condenser circuit is not appre- 
ciable (li is very small). The effect of having the natural oscillations 
more highly damped is shown in Fig. 285, which in all other respects rep- 
resents the same conditions as Fig. 283. 

In each period, T, there are two different portionsj viz., tlie subperiod, 
Tif called the ^discharging stage,’’ during which the arc burns (/ is not 
z(a'o), and the subperiod, 2 ^ 2 , the “charging stage,” during which the 
condemser acquires its clnirgo, the arc being extinguished and the current 
1 = 0 , 

During the first subpeuiod, Ti, the curve of tlic current, /i, in the con- 
denser cinuiit is part of a sine curve* — i.e., we have an ordinary alter- 
nating curremt. During tlic second portion, 2b, the current is a direct 
current /i == — /o. The voltage, F, across the condenser coatings varies 
corr(\spondingly: during 2h it is oscillatory, during 2b it rises from the 
value Va, at which the arc was extinguisluul, to the value, V^, at which 
it is again ignit(Ml, rising approximately in a straight linc.f 

Tlie voltage, F, a<u*oss the arc falls abru])tly from the value, F^, which 
it has at the monuuit of ignition, to the valiu', lb, wlii(^h it has during the 




Kid. 2S(). Fkj. 2.S7. 

time of burning and then remains constant during l-h(^ entire time T i. 
During the time, 7b, in which tlu^ ar(i is extinguished, and liiuice no cin- 
nmt is flowing through the arc^, the voltage F is i)racti(^ally identiiail 
with F,. (voltages at^ross condenser (ioatings); only with ndatively high re- 
sistance, Rij and the (consequent high damping, does F differ somewhat 
from Vo- 

b. The assumed conditions governing Figs. 283, 284 and 285, would 
give an arc characteristic of the form of Fig. 280. Actual exjycrirnental 

* With decreasing amplitiirh^ if there is any damping. 

t It is assumed that la ~ const. The actual f(jrm of the charging curve depends 
upon the capacity of the (Jond(uis('>r, the resistance, /io, and the self-induction, Lo 
(the dynamo voltage being assumed constant). If Lq is very great then the charging 
curve is almost a straight line,2i3 while if Ro is very large and Lo is very small, the 
curve is a more or less straight portion of an exponential curve.®^* 
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ohservatioUf however, produces the form shown in Vig. 287, It follows 
therefore that the assumptions made in a are not quite con*oct. The ig- 
nition is not so sudden and the voltage does not fall abrui)tly from Vs l.o 
Vbi nor does it remain entirely constant while the arc is burning, l)nt 
rises slightly just before the arc is extinguished. Hence the varialaoii 



Fig. 288. Fia. 2S9. 


of voltage must be about as represented by the curve of l^^ig. 288. Tliis 
compares well with the curve of Pig. 289 which A. Blonuel-^- determiin'd 
experimentally. 

There is another point in which the actual facts differ from the as- 
sumptions made in a, according to which the voltage Vo across the con- 
denser coatings could not rise above the terminal voltage of the dynamo. 
As a matter of fact it may under certain conditions rise to a much higher 
value. 

That this may be possible is understood if we consider* that a. cliange 



Fig. 290. 


value Vh to the value K. Va is 


in 7o — the previous assumi)i.i()n that 
h is constant is not (mtirely <u)i*r(M*t - 
may produce liigher pokmtiaJs Ix'- 
cause of the sc^lf-indiiction, 7 jo, by 
adding to the voltage across tlu^ (con- 
denser terminals [see Art. lir)/>|. 
Whether this is always the sole (‘x- 
phination is a question which iummI 
not be further investigated 

132, Type III Oscillations I\^ > 
Jo; Re-ignition Present, — 3 '’ip;. 285 
shows that at the momoiit tlu! are is 
extinguished, the voltage across tli(» 
electrodes jumps from the normal 
not as high as the ignition voltagc! F-, 


which is just sufficient to start the arc at the end of the charging stage, 


Ti. Under certain conditions in fact, the gas between, the electrodes 


may still be so largely ionized immediately after the arc is extinguished, 
that a much lower voltage, e.g., Va, suffices to at once re-ignite the arc 

(“re-ignition”). 
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If this is the case, then the oscillatory discharge of the condenser con- 
tinues, until finally the voltage Va becomes too low to maintain the arc 
which is then extinguished. Hence, wc obtain oscillations of the form of 
Fig. 200 or 201. The latter form is practically a representation of a rapid 
s(H][ueiice of the natural oscillations of the condenser circuit. It is noth- 
ing more nor l(‘ss than the form of oscillation whose practical application 
was discussed in Chap. VII.* 



133. Energy of the Oscillations .— Type 1 0,scfllatl()N}i. — h]xperien(*e 
has shown that these cannot be ])r(>(lu(H'(ls() as to give great (uiergy by such 
iiu'ans as ar(^ known, ihe dillicnilty of obtaining high power iiici*easing as 
Ihe frecpieiK'y l)('c<)in{‘S higlHa*. 

h. Type If (),sciUalfoNfi , — llndin* the saine assumi)ih>iis upon whic^h 
hhg. 2(Sr) was bjised (/o = const., V = const, and during time arc^ is burn- 
ing r = T/,), tlu^ (*n(‘rgy which is suppli(‘(l to the oscillation during one 
period by iUe. diiH'ct current, and hence Mk^ imiximuni which can possibly 
Ix^ drawn from tiu' oscillation, is approximately 

1 “ 12 /: ’ 

2 r(T% -- I'.)‘^(l - c ) 

wIi(M*e (‘, It ajul L are tlie capacity, resistance and coefficient of self-in- 
duction of the condenser circuit. Hence with It and L and also Vh con- 
stant, the energy inen^ases very rapiilly witli incrc^asing ignition voltage. 

c. Type III OseUlatlom. — In the pui*e form of tlu^se oscillations (Fig. 
291) wo deal practically with the natural oscillations of the condenser 

I'lio iin.l.iir}il oscillations of a condenser circ.iiit discussed in Chap. I are also 
practically the same as those dcscrilxid hero. The diffcronco is merely that in tho 
(^:iso mentioned in Chap. I, tho supply current is not constant or oven nearly so, 
huf. vari(^s widely with the time, being furuished from cither an induction, coil or an 
A.CJ. transformer. 
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circuit. The energy which is transferred in one discharge, is approxi- 
mately [Art. 66]. 

5 W 

at the same time the highest voltage, K, which occurs across the (con- 
denser, may, under certain circumstances, be greater than the dynamo 
voltage (see Art. 13 1&). The energy consumed per second by the oscilla- 
tions is 

where f is the discharge frequency. This depends upon the rapidity with 
which the condenser becomes fully charged again after discliarging; for a 
given capacity, it increases as the supply current, Jo is increased. 

134, Frequency of the Oscillations.^^® — a. The frequency of type I 
oscillations is determined partly by the self-induction and capaccity of the 
condenser circuit, partly by the characteristic of the arc. Tlu^ frcuiueiu^y 
is always somewhat lower than the theoretical value of the natural fre^- 
quency of the condenser circuit as obtained by TJIOMS()N’^s equation from 
the known values of the coefficient of self-induction and the capacity, but 
the difference is never very large. 

6. In type II oscillations the period T consists of two parts, 7h and 
7^2. The length of the discharging period, Ti, is determined first of all by 
the period of the natural oscillations of the condenser ci]*cuit and the i-al io 
Jiq:Jo; secondly, by the damping of the natui'al oscillations (see I’igs. 
283 and 285). The second or charging period, T's, i« the interval from 
the time the arc is extinguished to the time it is again ignitcM.!. The fXM’iod 
of the oscillation, T = + 7^2, can therefore not be found (^v('na])proxi- 

mately by means of Thomson's equation, as it depends materially upon 
the rapidity with which the condenser becomes charijcd, upon condi- 
tions in the supply circuit. 

A consideration of practical importance is that not only the amidit.ude 
but also the length of the period and hence iho frequency varies if there is 
any slight change in the voltage at which the arc ignites. This is what g(m- 
erally happens as soon as there is the least change in the eh^ctrodevs. The 
extent of the change in 7^2 depends largely upon the manner in whi(sh 
the voltage rises to the ignition point after the arc has been extinguished 
and upon the manner in which the voltage, "F, across tlio ckictrodes rises.* 

c. 'Fox thoi pure type III oscillations^ (Fig. 201), practically the same 

* At the points whore the V curve (Fig. 283 ct scq.) cuts tho “ignition character- 
istic” (abscissas « time, ordinates a 7^,) tin? 7 curve must bo iiiuc.li stcoptu* than tlu^ 
ignition characteristic so that ignition always takes place promptly. Tho igiiil-ion 
characteristic becomes steeper, the more rapidly tho ionization of tlio gas disappc^irs. 

t Type 7 1 oscillations of the kind shown in Fig. 290 are in general entirely irreguhu* 
and quite useless. 
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may be stated as foi’ tbe natural oscillations of condenser circuits pi’o- 
duced by an induction coil or similar device [Chap. I]. The effect of the 
arc on the period* is not appreciable, thQ frequency, therefore, is constant 
and determined by the self-induction and capacity from Thomson’s 
equation; as long as the distance between the electrodes is at le:ist 2 mm. 
If this distance is very small, so that the deionization becomes very rapid, 
then in this case also, the frequency may bo considerably lower than would 
be expected from Thomson’s equation [Art. 5c]. 

136. Practical Conclusionsf for Type II Oscillations. — Type / oscil- 
lations, because of their low energy are of no practical importance. 
(Mily Type II oscillations are used for radio-telegraphy toith undamped 
oscillations. 

In practice it is important to give the oscillations as much energy as 
possible]: and to keep the frequency as nearly constant as possible. 

a. The requirement of maximum eiungy leads to the maximum igni- 
tion voltage [Art. ]33i»]. This Chilli b(^ proviikul for in two ways, vh., 

1. By Iciigthonins tho charging stages, as luucli as possible, so as to 
give the gas plenty of time to ckuoiiize. 

2. By the use of special means for I’apid deionization of the gas. 

Tho first method involves the dang(n- of dc'stroying the (;onstaii(;y of tlie 
frequency [Art. 13tk-]. Moreov(M’, tlu^ ](>iig(‘r To is niad(^, the more do('s 
the current curve tend to differ from tlu^ sinusoidal form (see Tig. 284), 
i.e.y tlie upper partial oscullations conu^ into proiniiuaicc^ in :i<ldition to the 
fundamental. Tlie cn(U‘gy of tlu^ j^arlial os(ullations is wa-s(-ed, howi^ver, 
for in practi(;e, wlum (coupling or wIkui using a tuned reciuver, only tlie 
fundamental osfalhition is eflefftiva!. 

As a matt(u* ol la(d., t-Iunxiiore, it is b(‘st to work with oscillations in 
wliic4i the su])])eri<)d, T^, /.s* vdalivvJ.y diortj and in which, therefon^, is 
not inv.cli difb'nmt from Ai (J^’ig. 285). 

b. Then, howevt'r, it is (‘sjK'cially important to ohUiin. a very rapid 
yroivth of Ike iytiilioii vollaye by .sperial naunsj ?.c., to d(‘ioniz(^ th('. gns in the 
path of the arc; as j'apidly as possible. Ne(;ess.*uy precjuitions for this 
r(\sult arc as follows: 

1. Jlemoval of the ionized gas fi'oni the sp[i(;e Ix^tween the (4(M;trodes. 

The spontaneous deionization of the gas in tlu; ])athof the arc, tlue to 
tJie ions recombining, is in gcmeral too slow to be effective at the liigh 

* That \H, the period of die (lainpcMl oscilhitions (7’ in Tig. 201) whicli come into 
conHideriition for priiedc.al use. 

t 8fcri<;tly si)e{ikiiig, conelusions may be drawn from what has proeeded only if 
the condenser circuit is not eouiiled to some other circuit. If it is loosely coupled 
to another circuit, the conditions will prosumalily change but very little, but witli 
cbm cmiplmg they will change very much. 8ysteinatic invc^sfcigatioii of tho coupling 
of Typo II oscillations has to date been made only at low frequencies (8. 

t Tlic important thing, of course, is to take as much energy as possible fmn tho 
osOillations. 
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frequencies involved. Moreover, as the electrodes arc not so very close 
together as with quenched spark gaps, deionization by absorption at 
the electrodes and by an electric field cannot amount to much. Diffusion 
into the outer space is far more effective, particularly if the coefficient of 
diffusion of the gas in question is high; hence hydrogenj having the 
highest coefficient of diffusion, gives the best results. The most efle(^i-ive 
means of removing the ions in the space between the electrodes is the 
use of a magnetic blowout, as this acts while the current is still flowing, 
driving the arc and the gas contained in the arc out of the innermost 
recesses between the electrodes. 

The use of a mechanical air blower for this purpose hardly offers any 
advantages. To be effective the velocity of the current of air or gas blown 
must be such that each particle of the air moves through a distance* of at 
least 1-2 mm. during the half period of an oscillation (at X = lOOO in., this 
would be 1.5 X 10“® sec,). Such high velocities, however (flOO to ]2()0 
in. per sec. under the assumptions made), aside from the complications in- 
volved, would produce such eddies between the electrodes as to defeat 1 
very object in view and make a complete removal of the ions in the i)a( h 
of the arc impossible, in spite of the high velocity. 

2. Prevention of the ionizing effect of the hicande.s(U‘nt (h'cl rod(\s, 
particularly of the anode. The following are various methods for 
venting or at least reducing this effect. 

a. Cooling the anode, at which the development of heat is particnilnrly 
great. 

Cooling the anode as a whole is relatively a simple matl.(*r. W{it(*r oi* 
air cooling, the latter pj’cfcrably aided by ventilatoi-s or n, I’iblx'd con- 
struction of the anode, suffice. But it is much more difficult i-o pr(*\'<'nt 
local heating at the point where the arc originates and at winch theennis- 
sion of electrons continues after the charging stage. This d(d.riiu(*n(al 
effect can be mitigated by: 

a. Use of a metal having very high heat conductivity (fis (X)pp(‘r or sil- 
ver) for the anode.*** 

Surrounding the electrodc^s l)y a gas having very high lu'at con- 
ductivity; in this respect, hydrogen, which has the greatest lu^at conduc- 
tivity of all the gases, is best. 

y. Hydrogen, moreover, has the advantage of preventing tins forma- 
tion of metallic oxides and even reducing any previously (existing oxides, 
which are particularly active in the emission of electrons wIkui im^audt^s- 
cent. This is also true to a certain extent of an enclosed arc^-lamp. 

b. Rotating one or both of the electrodes tends to redin^e local heating 
only if it is so rapid that the base of the arc is moved sufficiency far un 
each period as to occur at a point not yet materially heated m tluj mecQoxK 

♦Hombgonoous carbon is used universally for the cathode, ‘a'tus diffin-einio or^ 
asymmetry of the two electrodes is also of value in that it pniv^rjts. rc-ignij.ion. 
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ins period. This, however, would require a speed of rotation of a much 
higher order than is ever used. 

c. The subdivision of the arc into several partial arcs [Art. 123c] in 
series is often advantageous. With the same total voltage and the same 
current, about the same amount of heat is developed in all the partial arcs 
as in the equivalent single arc, but the heat given off is much greater in the 
combined partial arcs than in the single arc. 

The problem of deioni^jing the gaseous path of the arc during the charg- 
ing stage and keeping it deionized increases in difficulty, other things 
being eqinil, as the frequency of the oscillation is incrcasetl, the time avail- 
able for the deionization being correspondingly shortened, and as the cur- 
rent and lumce also the heating of the electrodes and the number of ions 
formed arc incrc'.ased. Therein lies the main explanation of the relative 
case with whicli undamped oscillations of low frequency and energy can be 
obtained, while for a long time no one succeeded in obtaining undamped 
oscillations of such frequency and energy asarenoeded in radio-telegraphy. 

c. Aniount of Capacity Allowable , — ^Let the dynamo voltage and the 
ri-(uiuem\y of the os(;illations be given. Then the energy supplied to 
th(^ (M)ii(l(Mis('r circniit pen* second is proportional to the capacity in this 
(‘ii’t'uit [Art. 117/>]. Hcik^c, from this standpoint, a larger capacity is 
ad va.nt.a,g('()us. On the otluu* hand a larger capacity necessitates a larger 
ciirnait anii)litud(^, Jjo, in the coiidonsor circuit, and as this must not be 
much larg(H* tlnin the supply current, Jo [see a], the latter must also 
be largtu*. But the greater the current through the arc becomes, the 
more inUaisc will be the heating of the ele(d,ro(les and the ionization of 
Mi(^ gas in the path of the are and the loss effective, tlun-efore, will be 
tlie (Uirative imd.hods givc'ii in h, 

(^ons(UiU(Mitly, imhdinitedy increasing the capacity soon b(^(!omes detri- 
mental to the In^st r(\sults, so that in geiuu’ating undamped oscillations 
by th(^ arc medhod we arci oldiged to work wiih relatively aniall capacity 
and large scdf-inductlou in the primary circuit. 

136. Regularity of Type II Oscillations (K. Vollmiou"''’). — It is evi- 
<l(mtly extreimdy pi*ol)a])letliat tli(5 burningof the arccaus(\s the electrodes 
gradually to changes, much inoi*e so, in fact, than in an oscillating damped 
(i)ndens(U' circuit of low <lisc, barge freqiumcy, in whhdi the gap is without 
current tlio gi-eater j)art of tho time, l^lvery change in the path of the arc, 
liowever, will alt(n* the ignition voltage and thereby the frequency and 
wavo-lengtli, as well as the energy and amplitude of tho oscillations. 

a. These fluetuations may bo subdivided into the following classes : 

1. Slight fiiKituatioTis in arcs without transverse magnetic field, these 
b(nng eitlior 

a. Rapid fluctuations, or 
Slow changes. 

16 • . . 
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2. Great fluctuations in arcs having transverse magnetic field and 
caused by this field. 

The cause for lin arcs with no transverse magnetic field is no doubt the 
following: The arc, while burning, eats its way into the electrode (or 
electrodes) thereby gradually lengthening the arc and increasing the igni- 
tion voltage, so that the frequency and amplitude of the oscillations are 
also gradually changed thereby. This continues until the arc finds more 
favorable conditions at some neighboring point, to which it then jumps 
with the result that the arc length, ignition voltage, frequency and am- 
plitude also take a jump in the opposite direction. (The individual de- 



pressions or cavities which the arc had eaten out, on its way around the 
hollow cylindrical electrode are easily recognizable in the accompanying 
photograph, Fig. 292.) 

Tests have shown that changes in the wave-length and in the ami)li- 
tude occur in conjunction with changes in the average arc potemtial, in 
fact the wave-length variation is directly proportional to tlu^ iiumux arc 
potential variation. Other things being equal, it (the jnea’n arc i)otential 
variation) increases with increasing capacity, decreasing supply current 
and decreasing wave-length (increasing frequency). 

The extent of the fluctuations depends very largely upon the corisiruc- 
tion of the In a lamp made by VonnivcBn and copied from that of 
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the Physikalische Reichsanstalt, he found that when the adjustment 
was particularly good, at X = 2000 in. the intensity variation was about 
2pcr cent.,thefrequency variationaboiit 0.03 per cent., and at X == 700m. 
the frequency variation was about 0.18 per cent. 

&. The results of these fluctuations are disturbances which interfere 
with the practical application of the oscillations as well as with any 
measurements. 

The rapid intensity fluctuations which occur in lamps without a trans- 
verse field are harmhvss, as the measuring instruments or detectors used 
do not respond to them, but indicate the average value. The slow fluc- 
tuations, however, may at times be very annoying especially in connection 
with measurements. 



The fre(}U(mcy fliuduations interfere particularly if the are circuit is 
very loos(^ly couplcMl to a secondnry cinuiit, (1) by flattening the reso- 
inuK^e curve, reducing (he sharpness ol resonance and, (2) by materially 
r(M lacing the current eflVcd. at resonance. 

1. In r'ig. 203 tlu^ brc)k(m line (uirve is the resonance curve which ought 
to be obtained by the acjtion of an undamped oscillation of constant fre- 
(|uen(*y upon a secondary cii‘(uiit whose decrennent, di == 0.005. Hie full- 
line (Uirve is the n^sonance curves obtained with the same secondary circuit, 
if tlie frequency (oi* wavc^-huiglli) of the undamped primary circuit fluctu- 
af-es back and forth at a uniform rate between the limits X + X' and X — X', 
X^ being only 0.05 per cent, of X. It will bo noted that even with this 
small fluctuation the resonance curve suffers a coxisiderablc flattening and 
reduction in height from its ideal form. 

The resonance curves obtained from arcs with a transverse field are of 
the form of the full-line curve shown in Fig. 204 (^2 = 0.012) ; here the 
differemee from the dashed curve, which would be obtained with constant 
frc^quency using the same secondary circuit, is much greater. (The peaks 
of the two curves were drawn alike in height intentionally.) From the 
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shape of the curve it is evident that the fluctuations which occur are not 
symmetrical with respect to a mean value, but (similarly to the brush 
discharge of condensers [Art. 86]) fhe frequency lies mainly near a certain 
value (corresponding to C 2 = 1450) from which it gradually fluctuates 
to a lower value (corresponding to (72 = 1480). 

2, The changes in the current effect caused by the frequency fluctua- 
tions, may be quite considerable, as is shown by the following tabulation 
which is based on the assumption that the fluctuations ai-e symmotricuil, 
amounting to 0.03 per cent, on each side of the mean value to which tho 
secondary circuit is tuned. 


di 

X = 2000 

X = 1000 

X = 500 m. 

0.01 

3 per cent. 

24 per cent. 

63 per cent. 

0.03 

0.5 per cent. 

4 per cent. 

16 per cent. 

0.05 

0.2 per cent. 

1 . 5 per cent. 

6 . 5 per cent. 


Qualitatively, therefore, the effect of the frequency fliidtiatiom the mme 

as if the 'primary circuit had constant frequency but material dmnpimj, 

c. In Art. 125 it was already pointed out that a transverse^ luagiu'tiei 
field, which is very advantageous for the energy of the oscillations, is vcMy 
disadvantageous for their regularity.* This is true not oiily of tlie trans- 
verse field, but more or less so of all agents which tend to iiunx^asc 
energy. The explanation of this fact is simple enough. The re(iiiir('- 
ment for maximum energy is the most complete deionization of the gas(^- 
ous path of the arc during the charging stage, while on tho otlu'r liand a 
slight ionization or electrification of the gaseous gaj:) is advant,ag(',ous, in 
fact is essential with low potentials [seeArts. 425 and 78c] for a, sure and 
accurate timing of the discharge. Hence we must fall l)a<^k upon a (com- 
promise. This explains in part the use of carbon asthenegativoehcc.ijxxh', 
in spite of the fact that its low heat conductivity lowers the ignition volt- 
age. This also explains why the strength of the transveerse inagmcticc 
field is in general not made very great, sacrificing a further increase in tlui 
energy of the oscillations. 

Somewhat of an exception to this rule is encountered in the use of 
hydrogen, one of whose properties tends greatly to increase the rcjguhuil.y 
of the oscillations; namely, the relatively low breakdown pot(uitial of 
hydrogen corresponding to a given gap length [Art 42c]. The cons(Htuenc(^ 
thereof is that with a given voltage (ignition voltage) the distaiucci betwcuui 
the electrodes can be made considerably greater when hydrogen is usckI 
than, for example, with air. Hence any change in tho arc length (say duo 
to eating away or volatilization of the electrodes) amounts to a lower per- 

*The extent of the fluctuations depends upon tho constriuction of thci lamp in 
this case also. Good regularity can be obtained with lamps having a tniuHV(n’S(^ 
magnetic field (see Art. 1916), but this is a much more difficult attainment than witli 
lamps having no transverse field. 
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c(^ntage of the initial length with hydrogen than with air, so that the re- 
sultant change in the potential and hence also in the wave-length and in- 
tensity is less than with air. 

137. The Terms “Spark” and “Arc.”^^^ — Doubt has occasionally 
been expressed of late as to whether the phenomenon in the gap consti- 
tuted a spark” or an “arc” in a given case. 

In the two limiting cases there is never any doubt. Everybody speaks 
of “sparks” when, as in the early construction of the Braun transmitter, 
only afew, say ten to twenty discharges per second occur. Here the periods 
during which current flows through the gap are separated by long in- 
t(u‘vals of currentlcssiK^ss, so to say, and the total time during which there 
is no current in the gap is much greater than the total time during which 
current flows througli the gap. Here, then, both eye and oar receive evi- 
dence of intermittent discharges (limiting case /). 

Again, everybody would call the phenomenon obtained in the gap 
b(d'.ween the electrodes, with undamped oscillations of type I or //, an 
“arc.” In type I the gap is never without cuiTont,in type// the periods 
with and without current alternate so rapidly that neither human sight 
nor hearing can distinguish between them (limiting case II). 

Between these two limiting cases, however, are various intermediate 
formSj e.g,j the case of dampcul oscillations at a very liigh discharge 
freciueucy. Here the total time of currontlessness becoim^s about equal 
to or even less than the time of current in th(^ ga]); at any rate the eye can 
here no longer distinguish the individual discluirges and the ear at best 
can discover the preseiu^e of intermittent disc^harge^s only in the tone or 
note emitted by the gap.’’* Wludher, in this c,ase, we speak of sparks on 
the basis that the form of the discharges is inluuHmtly the same as in lim- 
iting case /, or whetlua* wc speak of an arc, in vi(^w of the fact that in lim- 
iting case II, the duration of current is of the same order as the duration 
of (mrrentlessness, is a matter of individual preference. At any rate, it 
is advisable in such a case to obtain by actual test (c.f/., by im^ans of a 
disebarge analyzier or a Buaun tube) an exact picture of the time varia- 
tion of the discharges, rather than to dispute the propriety of the name 
given to the phononumon in question. 

* in Hcieiitific and patonfc litorai.iiro it is often claiiiKul for some particul.'ir device 
or arrangement that it will generate un(lampe<l os(iilln,tions. If suck a claim is bas(^d 
soUsly ui)on the arc-like api)earan(30 or sound in the gap, it must not be accepted with- 
out further conclusive evidence. 
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PROPAGATION OF THE WAVES OVER THE EARTH'S SURFACE 

1, OVER PLANE OR SPHERICAL HOMOGENEOUS GROUND^is 

138. Ground Having Plane Surface and High Conductivity.* — Of 
these two assumptions, the latter is approximated in sea water. Undcsr 
both assumptions we would have the following conditions. 



Fig. 295. 


a. General Nature of the Field , — With a transmitter placed above the 
earth's surface, the following rule gives approximatclyf tlie form of th(^ 
waves. Consider the ground removed and replaced by the imago of the 
antenna, with respect to the earth's surface, so that the antenna and its 
image form two symmetrical halves. It is also assumed that the distri- 

* That is the specific conductivity > c.g.s. units. 

t The results would be absolutely exacL if the conductivity of the earth’s surface 
were infinitely great. 
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bution of current and potential is the same as exists in the symmetrical 
halves of the ant6iina5 shown in Figs. 23, 42, 45 et seg,, i.e., at any point, P, 
and its image, P' , the current must have the same direction but the po- 
tential is of opposite sign in each. The rule then is: The waves which the 
antenna with its image would radiate, if they were placed in free space, 
have the same course through the air as the waves which are actually radi- 
ated by the antenna placed above the earth’s surface.^^® 

&. Effect of the Form of the Antenna . — From the preceding it follows 
that for a sirn'ple antenna (single straight wire), the electric field would be 



as shown by the upper halves of Figs. 295 and 20G [see Art. 20u], the former 
ropresciiting the instant of maximum charge, the latt(u*, the instant of 
maximum current. As the distance from the antcnnaincreases, the electric 
lines of force approach more and more the form of circular arcs. In 
Art. 20a it was stated that the magnetic lines of force are also circular. 

With other forms ofantennes the shape of the wave in the vicinity of the 
antenna, up to distances of one or two wave-lengths, may be considerably 
different from that just described, though the general character of the 
field, particularly the snapping apart of the lines of force must be more or 
less the same in all forms of antennse.^^o distance from 
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the point of origin becomes, the more will the shape of the waves resemble 
that produced by a simple antenna. 

c. The Field at very great Distances from the Antenna, — From Arts. 
20a and 25a, the following may be concluded in regard to the field imme- 
diately above the earth^s surface, at distances very great in comparison 
to the wave-length: 

1. The direction of the electric lines of force is approximately perpen- 
dicular to the earth^s surface, that of the magnetic lines parallel to it; 
both are perpendicular to the direction in which the wave moves. 

2. The electric and the magnetic fields are in 'phase [Art. 20d], 

3. The amplitudes of the electric and magnetic field strengths are ex- 
pressed by 



where h represents the height of the antenna, 7o the current amplitude at 
thecurrent anti-node of the antenna, a tlieformfactor of the aut(nma and 
r the distance from it. Accordingly, the amplitude of the field at great; 
distances is inversely proportional to the distance r. 

d. Penetration of the Waves into the Ground, — As the waves spread out 
over the earth’s surface, they penetrate to some extent into the ground, 
but in so doing their amplitude is rapidly decreased. Thus in sea wal^n* 
of good conductivity,* at a depth of 1 m. the amplitude is only about on<^- 
tenth of its value above the surface, with a wave-length of about 700 m.* 
139. Over Flat Ground of not very High Conductivity (A. SoMMioii- 
PELu). — If the earth^s surface at the location in question has r(^latively 
low conductivity, as is the case even with fresh water, but pardcuilarly 
with dry ground, f the results are quite different, the change inen^asing as 
the conductivity and the dielectric constant of the ground 
The rule given in Art. 138a for the construction of the field thm no longcn* 
applies at all. The appearance of the field in the vicinity of tlic trans- 

* Specific conductivity « 5 X IQ-ii c,g.s. units. The amplituclo, A, at a dopOi 
Z, is of the form A = AqC^^ (Ao = amplitude at the surface), 

t For qualitative consideration the specific conductivity, a- and diolo(^tri(^ constanl;, 
k, may be assumed to be as follows 

Sea water <r =1 to 5 X e.g.s. units 
Fresh water = e.g.s. units 

Wet earth - 10““ to 10““ e.g.s. units 

Dry earth = 10“^® e.g.s* units 


ft = 80 
« 80 

* 5 to 15 
s= 2 to 6 
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inittor is not known. Nor do the statements made in Art. 138c hold good 
for (jreat distances from the transmitting antenna. 

Instead the facts, according to A. Sommerfeld’s^-^ theory, are as 
follows: 

a. Surface and Space Waves . — The waves which emanate from a trans- 
mitter placed in a homogeneous insulating material were discussed in 
Art. 20. They are characteriised by the fact that energy is radiated in 
straight lines, radially from the transmitter.* Consequently, the 

energy varies as --jf (r = distance from source) and the amplitudes of the 

electric and magnetic field strengths vary as We will refer to these as 
“space waves” in what follows. 

A different kind of wave is obtained, e.g., with LECTrEii\s system [Art. 
72c]. H(U’e the waves travel along the wires, following any bends they 
may have. The flow of energy along the wires and the amplitude of the 
wav(\s would remain constant during tlnur progress, were it not for the 
fa(d. that a portion of the energy is consumed in the wires (duo to Joulean 
Iieat developed). This causes a gradual reeducation in tlie enei’gy and wave 
anij)litude along the course of travel, a j)hen()men()n which is termed 
''absorption.” Wo will r(‘f(n- to waves of this kind as “surface waves,” 
as they follow the surfac^e of the conductor. 

h. The wave enumalcd into the air by an antenna at the eartWs surface 
7nay be conceived as consisting of two component parts, one of which is of 
the nature of a space wave, the other of a surface wave.—''’ In the fonner the 

1 . 1 . 1 

(UKU-gy cx: — f the amplitude therefon^ oc ^ j in the lather the energy oc 

llu^ amplitude « • The facd. tha.t in tlu^ latter there is a decrease in the 

V r 

(‘iK'rgy as the distance increases, in contrast to th(^ wave following a wire 
— and in addit ion to and (mtindy aside froiii such absorption as occurs — 
is (‘X])lain(‘d l)y iJie fa(d. that the (unagy is spnviding itself out over cver- 
iiKirc^asing (birch's, as tlu^ wav(^ travels its course. 

Absorption of course ocemrs in addition to this reduction in ampli- 
tude due to the (expansion of the wave in space. As each wave advances 
through the air it is n.ccompanied by a wave in the ground. And as the 
ground always has more or less conductivity, the moving electric field, 
constit.uting the wave, results in the formation of currents, just as in the 
wirc^s of the Lecher system. 'Lhesc currevnts consume energy, which is 
drawn from that of the waves radiated by the antenna, so that an absorp- 
tion occurs in this way. 

c. While at short distances from the transmitter, the waves are al- 

* The (lirotd-iou of tho flow of onorgy is, as already stated previously, perpendicular 
to both th(j electric and luaguetic field directions. 
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most entirely of the nature of space waves, as the distance increases the 
surface component becomes more and more predominant, as its amplitude 
decreases more slowly than that of the surface component. That is, the 
nature of the wave constantly approaches that of a surface wave."^ 

This change is the more rapid, the shorter the wave-length is and the 
lower the conductivity and dielectric constant of the ground are. A cal- 
culation of the distance at which the actual amplitude of the wave differs 
by 10 per cent, from the amplitude of the space wave, results in the fol- 
lowing figures: 

Soa water t X = 2 km. Distance == 20,000 km. approx. 

Sea water X = 1 km. Distance = 5000 km. approx. 

Sea water X — 0.3 km. Distance = 500 km. approx. 

Fresh water t X = 2 km. Distance - 4 km. approx. 

The distance becomes still shorter with dry ground. 

Hence, while with sea water for all distances which come into consider- 
ation — 20,000 km, is half the circumference of the earth — and for all 
wave-lengths over 1 km. the waves have the characteristics of space 
waves, J with fresh water and even far more so with dry ground, they 
assume the characteristics of surface waves at distances of only a f{*w 
wave-lengths or even less than one wave-length. Hence the nature (jf 
the wave propagation in this case must not be conceived as being (lu^ 
same as that described in Art, 138 over sea watei*. 

d. The subdivision of the wave into a space wave and a surface wave 
and a wave within the ground [6] makes it possible to give a sinif)l(^ 
description of the phenomenon. Physically, there is of course only 
one single wave extant, which travels partly through the air, partly 
through the ground along its upper surface. 

The appearance of the electric lines of force of this wave in air at a 
given instant and a distance of 30 to 30.5 wave-lengths from the trans- 
mitter is shown diagrammatically in Figs. 297 and 298, which are taken 
from an article by P. Epstein, the assumption being that the wave- 
length is 2 km. and that the conductivity of the upper stratum of the 

* When the distance becomes very great, the surface wave may again give way to 
the space wave, as the former is more rapidly absorbed. It is questionable, however, 
whether this effect is of practical importance. 

t On the assumption that <r ~ e.g.s, units for soa water and 10*“^^ e.g.s. unit s 
for fresh water. 

{Herein lies the justification for the statements in Art. 138. TI\o electric and 
magnetic field strengths in this case, taking consideration of the absorption, are 
given by [Art. 138c;]: 

ah e 

^0 = 47r y- • 17o| — • 3 X 10^“ e.g.s. units 

71 ^ _ .1 , r , € 

Mo =» 47r Y * |7ol — 
in which /S is the coefficient of absorption. 


e.g.s. units 



•fe-.N 
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ground is about midway between that of sea water and wet ground. 
The scale of the ordinates (heights above ground) is one-twelfth of that 
of the abscisssB (distances from transmitter) in these figures. 

By way of comparison, Fig. 299 represents the lines of force whicli 
would correspond to an infinitely great conductivity of the ground, ac- 
cording to Art. 138, the same scale and distance being used as in the pre- 
ceding figures. It will be noted that there is no very great difference 
between Fig. 299 and the other Figs. 297 and 298; the latter, however, 
are based on the assumption of relatively high ground conductivity. 
With dry ground the differences would be much more marked. 



6. The nature of the field of the wave immediately above the earth' 
surface at very great distances froin the transmitter, is of special priuiical 
interest. If the earth’s surface were as good a coiuluctor as a metal, 
then [Art. 138] 

1. The electric field would be exactly perpendicular, tlu^ inagnei ic 
field parallel to the earth’s surface, and 

2. Both would be in phase [Art. 137]. 

As a matter of fact these conditions are approximately true ov(U’ sea 
water, but they do not hold for fresh water or dry ground (J. Zjonnkok*-^'**). 

However, the direction of the magnetic lines of force remains parallel to 
the earth’s surface, but the electric field instead of being pcn'pendicular 
to the earth’s surface tends to follow the direction of travel of the wave.* 
Hence to the component, of the electiic field strength perpcmdicular 
to the earth’s surface there comes an additional component, A’a;? the 

* This is already noticeable in Figs. 297 and 298, even though not very prominent, 
as the conductivity and wave-length wore assumed to be relatively high for these 
figures. 
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direction parallel to the earth\s surface. The ratio between the amplitudes 
of those two components is shown by the full line curves of Pig. 300 for 
clilTcront values of the conductivity and the dielectric constant,* under 
the assumption that the distance from the transmitter is so great that the 
waves may bo considered not merely as surface waves, but as plane waves. 
]<'rom the curves it is evident that when the dielectric constant is small, 
the horizontal component can assume quite large proportions. 



VuL :i00. 

In tills case, whilcj the magnei.ic field and the vertical component of 
tlu^ (^lo(d,ric held are approximately in phase with each other, there is a 
jihase dirfenmeo, <^, btd/ween the horizontal and vertical components of 
the elecljic field strength, The variation of this phase difference is 
shown by the dotted curves of Pig. 300, under the same assumptions 
made for the full lino curves. 

Tlic result is that the electric field is no longer a pure alternating field 
but possess(^s a more or less large Totaling field componenL 

A comprehensive picdiire of the field can be obtained by the familiar 
method of representing the resultant field strength by means of a vector. 

* AT ~ 5 X 10'’' cycles per soc., \ = approx. 670 m. 
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The locus of the end of the vector during one cycle is then an ellipse, of 
which (see Fig. 301). 

OB Exo OAi OB I 

dl ST “ oF " 


For the typical cases of low ground conductivity, the curves rep- 
resenting the field in the air acquire the form of Fig. 302* or Fig. 303. f 
While the field over sea water ^ according to Art 138c, 
is practically a pure vertical alternating fields over dry 
ground the field is greatly inclined at an angle to the vortical 
and has a more or less prominent I'otating componenV^'^^ 
f. The falling off in amplitude during the progress of 
the waves, depends upon the conductivity and dielec- 
tric constant of the ground and to a particularly gi*('at 
extent upon the wave-length. The greater tlic (^ondin^- 
tivity and dielectric constant of the earth, the slower is 
the falling off in amplitude, other things b(ung ociiud; 
hence it is slow over sea water, very I’apid ov(u* dry 
ground. The relation to the wave-length is such that the distanc^o at 
which the amplitude has fallen to a given fraction of its value in tluj 

immediate vicinity of the transmitter over ground of very good 





Fig. 302. 


Fig. 303. 


conductivity (sea water) and approximately oc - over dry ground of 
very low conductivity. 

This relation to the wave-length is very clearly illustrated by ihe 
curves of Fig. 304, in which the falling off of the amplitude along the 
length of a quadrant of the earth's circumference is shown, the ordinates 

♦Assumption JV = 5 X lO** cycles per sec., 7c = 2, <r = lO*"!® o.g.s. units. 

t Assumption iV « ^ X 10® cycles per sec., 7c « 2, <?• = e.g.s. units, 
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being the products of the amplitudes and their respective distances 
from the transmitter. 

From what has preceded the following practical conclusions may be 
drawn: 

1. Great wavelength in far more advantageous for the propagation of the 
waves than short wave-length,'^ Thus in telegraphing across the sea, 
the same reduction in amplitude occurs at a distance twenty-five times 
as great with a 5 km. wave as with a 1 km. wave. 



2. The falling off in amplitude is much gn'atc'r ()v<a’ land than over s('a 
for the same distance, the dilTenmce becoming inorc^ marked as tlu^ wave 
length-*^*’ employed becom<‘S shorter. Henc-e, if wav(^s are traveling part ly 
ov(u* land and j)artly over s(^a, tlum only ii f(‘w milc'S ov('r hind may cause 
tlie same reduction in amplitud(i as several hundred miles over s(‘a. 
Jhuice, where lai*ge distances ov(n; sea arc', to bo bridged (as in trans- 
atlantic work, ship-and-shore work), it is of th(^ grea.ti'st importance to 
erect tlu; shore stations as near the watcu* as ])ossii)le.t 

g. The velocity of propagation of the wavers as measured along the 
eartlds surface may be somewhat greater than the velocity of light, 
3 X 10^^ cm. per sec. = 300,000 km. per sec., but, just as over seawater, the 
difference is never great. 

140. Effect of the Spherical Shape of the Earth. — (H. Poincare, 
J. W. Nicholson). — The various relations lirought out in Arts. 138 and 
139, rested on the avssumption that the conductor (the earth), upon which 
the transmitter stands, has a plane surface. Consequently they hold 

* So far as the influeiico of the oarth^s surface is oouccriicd. The effect of the 
ntiiiospherc [Art. 14*5] i,s not taken into consideration hero. 

t In this respect the higli-power stations at Clifdoii and Glace Bay, also the Ncu’d- 
deich station are well located, while the Eiffel Tower and Nauen Htatious are r{da- 
tively at a disadvantage. 
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Transmitter 


approximately for such distances in which the earth \s surface may bo 
considered as practically plane, but no longer apply to transatlantic 
stations, for which distances of about one-eighth the earth's circumference 
are involved. 

How these relations change because of the spherical form of tlio 
earth has been theoretically considered by the authors naiiuid tihovo, 
for the ideal case of extremely high conductivity of the cartli's surface. 
H. W. Maiich 226 i^as come to the same conclusions in a simpler way. 
These results may be generalized under the statement tluit tln^ cartli'a 
curvature affects the conditions which would exist 
over the previously assumed plane surfaces in two 
ways, viz., 

1. In that the energy propagation along the 
curved surface is different than along a plains surfaces. 

2. In that the radiated or propagated eiun-gy does 
not entirely follow the course of the eartli's curva- 
ture, or to express this differently, in tliat then^ 
takes place in addition to the propagation along tlie 
earth's surface, a radiation or ‘‘straying’^ of sojiu^ ot‘ 

the energy into space away from the earth's surface. 

a. Let us first consider the propagation along the ea.rth\'i curvature 
entirely aside from the “stray" energy. The nature of tliis propagation 

is such that instead of the amplitude varying as as was tlu^ cas(^ with a 

plane, highly conducting surface [Art. 138c], thcj amplitude in this case 



Fig. 305 . 


in which r is the distance from the transmitter measun'd along the (‘{irth's 
curvature and d- the angle at the center of the eartli erndosing tlu^ arc 
whose length is r (Fig. 305). 

This variation in amplitude is shown by the full tine curve of Fig. 30{), 
for distances up to half the earth's circumference == 0® t-o 180°), 
the dotted curve showing the falling off in amplitude when this varices as 

i.c., for a plane, highly conductive ground. Hence, if there wcu’cno 

stray field, the amplitude would decrease less rapidly over the sphorit^al 
earth's surface than in the case of the flat surface. The diff(u*en(^o, how- 
ever, is not very great for distances up to a quadrant of the earth's 
circumference, and at half a quadrant amounts to only 5.4 per cent. 

The fact that the amplitude decreases less rapidly in this c^aso than 
over a plane surface, that, in fact, if there were no straying, it would 
begin to increase again after a considerable distance from the transmittc^j*, 
can be accounted for by a consideration of the geometric distribution of 



PROPAGATION OF TUB WA VES OVER THE BARTHES SURFACE 257 


the flow of energy along the earth’s surface.* Its course is along the 
irieridians drawn through the transmitter, while in the case of the flat 
surface it is along the radii in its plane and passing through the base of 
the antenna. The latter continue to diverge at a constant angle as the 
distance increases, so that the energy is spread out over a constantly 
increasing area. With the spherical surface, however, the meridian 
circles diverge only between the values = 0° and H =90°, z.c., over the 



Fkj. 300. 


huigtli of one qiuulrant. Moreoviu-, oven witliin these limits the angle 
of (liv(u*gen(u> grows coiistniitly sinalh'r as Mu’! distance increase's; lieiu^i 
tlu^ area over whie.h tlu^ ('luu'gy si^n^iids dcK^s not increase as rapidly as 
in the case of tlie jflane surfaces As distane.(*« is further increased, 
from = 90° to d = 180°, the meridians conv(M‘ge until tlu'y again 
intersect at a ])oint diainetih^ally op])Ositc the antenna; so that here we 
liave a gradual concentration of the flow of energy as the opposite^ 
pole is api)roached. 

6. In view of the draying of energy the expression givcui in a is imtom- 
pl(d-c without the so-called dray energy factor j wliicli has been tlieorctically 
shown to be equal to 

-0.30 .t? . -0.0019 

e ^ = e (r and X in km.) 


* This alono, however, does not did-erinino tho n^diuition in ainplitiid <5 with in- 
(•,r(*aHing distance, but ratlior th() flow of energy through the entire space, 

t fl = radius of tho eartli, 'The factor 0.0019 . 

energy coefficierUP 
17 


-' 3 /- might he termed tho ** stray 
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SO that the equation for the variation in the amplitude, A, over the 
curved surface of the earth having infinitely great conductivity and 
surrounded by a homogeneous absolutely non-conducting atmosphere 
[Art. 146] becomes 







sind- 


- 0.0019 - 

e ^/^ 


( 1 ) 


Thus, e.g.,for y = M earth’s quadrant andX = 4 km., the stray (uiergy 
factor becomes Moo* 

c. A comparison of this equation with that deduced by L. W. Attstin 
[Art. 1466] from his daylight measurements, shows that the resiili-s 
obtained by the two methods do not differ very greatly, both as io the 
quantitative value of the stray energy factor and as to tlu^ relation of 
this factor to the wave-length. 

Moreover, a comparison of AustMs actual ohmi}aJ.i(ms with the 
theoretical equation (1) leads to the conclusion that tlu'se observations 
are reproduced just as closely by the theoretical equation as by Ihs 
empirical formula. 

At the same time it must be remembered that the theory involvc'd 
has not yet been completed. It has been developed only undcu* tlu^ 
assumption that the earth’s surface has infinitely gn^at (^ondiudivily. 
It remains to be seen whether a completed theory, taking (ionsid('ration 
of the finite conductivity of the earth’s surface and then'fore involving a 
reduction in amplitude due to absorption, will be in ecpial nvvovd with 
test observations. 


2. WAVE PROPAGATION OVER UNEVEN OR NON-HOMOGENEOUS 

GROUND 

In 1 it was assumed that the portion of the eai-fh’s siirfjuH^ ov(‘r 
which the waves pass consisted of homogeneous inatcu’ia.! iuid ihai< iluj 
surface was a smooth plane or sphere. There remains to b(^ invc^sligaUul 
what changes occur if : 

1. The earth’s surface is considerably unewen. 

2. Underneath the surface there are strata of widely vn,rying (con- 
ductivity and dielectric constants. 

3. The earth’s surface has portions varying greatly in tluur (con- 
ductivity and dielectric constants. 

141. Uneven Surfaces. — The waves in their course may (cn(c()un{i(cr 
obstacles in the form of hills or mountains and trex^s ot- buildings. 

a. With hills or mountains^ three possible cases can be distinguished, 
viz., 

1. The wave passes through the hill (Pig. 307); 

2. It glides over the contour of the hill (Pig. 308) ; or 

3. The waves bend down over the peak of the hill to reach the farther 
side (Fig. 309). 
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Just what takes place in any individual case depends upon the form 
of the hill and the conductivity and dielectric constant of its material. 
Bending; probably occurs in all cases. That it, in fact, frequently plays 
the main part follows from the observations of H. B. Jacksok^^^ who 
found that a ship lying just alongside of a hill could not receive the 




Vir,. I^OS. 



messages sent from a station located on the other side of the hill, but 
did receive them as soon as it had passed somewhat further away from 
the hill. If the hill in the path of the waves consists of material of 
relatively good conductivity and its width is very great compared to 
the wave-length, the result will probably be mainly as described in case 
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2. The portion of the wave passing through the hill (case 1) can only be 
of consequence when the material of the hill has very low conductivity 
(rooks) and the hill is not very wide. 

In all cases the hill will decrease the amplitude of that portion of 
the wave which passes through or over it, that is, th6 hill will, so to say, 
throw an electromagnetic shadow, which will be more marked the shorter 
the wave-length is.* 

This has been observed, e.g,, in tests between Nauen and ships on the 
Atlantic in which the shadow of the mountains of Spain was distinct ly 
evident. In practice the range of portable sets in mountainous country 
is usually assumed to be only 50 per cent, of the normal range on flat or 
only slightly hilly country. 

5. DuddelIj and TAYLon^^® have demonstrated that groups of trees 
may very greatly interfere with the distribution of short waves. .Dcuisc^ly 
wooded regions are particularly unfavorable to the propagation of sho»‘t 
waves and it is usually estimated that they will reduce the range' of 
portable stations by 50 per cent. Similarly high buildings or otlun* 
structures, especially if they are in the immediate vicinity of the trans- 
mitter or receiver, are apt to be a great hindrance. In both easels, no 
doubt, it is a question of the effect of induced currents. 

142. Rain and Ground Water (F. Hack^^d)^ — I) roviously 
•mentioned in which the ground consists of layers having very different 
properties closely following each other, exists when tlu^ up])(M- hiy(u* of a 
portion of ground which has very low conductivity and low (li(^lee,tric 
constant, becomes highly conductive and has a high di(dectric (jonstant 
due to a rain or snow fall of long duration. This (^a,se has b(H'n prev 
viously treated only on the assumption that the distam^e from tlui tnuis- 
mitter was very great, so that the waves could be consid(n-(ul Jiot in(U'('ly 
as surface waves, but also as plane waves. 

The direction of the electric field at the earth’s surface umh'i* ibis as- 
sumption is shown in Figs. 310 to 312. The first r(4)res(mi.s th(^ field 
[see Art. 39c] for entirely dry ground, the second and tliird rei)r(\s(mt the 
case of the ground being wet to a depth of 20 and 40 cm. r(^sp(vc.tiv(^ly. 
From these figures it is evident that the large rotating fic^ld compoiu'iit 
which is present when the ground is quite dry, bccoim^s more and juorcj 

* Marconi!®^ has stated that the weakening of the waves by hills or mountains, 
if the waves are relatively short, occurs only in daylight, and iiov(}r at night. 

t Thanks are due Prop. Dr. F. Hack of Stuttgart for the Figs. ;U() to 317. They 
are based on the assumptions that : 

For dry ground, <t = 10"i« e.g.s., k - 2 

For wet ground o- = ICri® e.g.s., /j == 15 

For ground water, a- ~ 5 X IQ-^^ e.g.s,, k - NO 

The curve drawn in the shaded area represents the ehujtrux .field in the part of the 

ground under consideration. 
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A >^2000 7n. 


A ^^20007^, 


Am 2000 m,^ 
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reduced so that the field approaches a pure alternating fi(dd, iis the wi^t 
layer of the soil increases in depth. 

The absorption of the waves is also affected by rain; the dc^opcu* the rain 
soaks into the ground the more the absorption is decreased. 

6. In most localities, the upper layer of dry soil and stones has a stratum 
of ground water at a depth of from just a few to about 100 m. below 
the surface. 

Figs. 313 to 317’, drawn under the same assumptions which Figs. 310 
and 312 were based upon, illustrate the field at the earth^s surface 
for a wave-length of 2000 m. for various distances, of the ground water 
below the surface. In all cases the ground water is assumed to extend 
to a very great depth. It will be seen that the effect of the ground wai.er 
is to bring the direction of the electric field more nearly vertic.al to the 
surface of the earth. The absorption may be either increased or (l(Ha-(^as{Ml, 
but in most practical cases where the wave-length is greatcu* than 1 km. 
it is reduced. 

143. Distribution Over Land and Water. — If there are l)olh land and 
water, particularly sea water between two stations, various eJT(M^I,s may 
occur. 

a. The main portion of the wave may be guided by the stnd.cli of sea 
water, following this rather than a shorter laud route, c.f/., it is not im- 
possible that when English coast stations transmit to slui)s in the McmH- 
terranean Sea, a portion of the waves rcacliiiig the sliips, instead of 
taking the direct path across the Alps, pass entirely over sea, by way of 
Gibraltar.* 

Even riders seem to have a similar effect. At any rate in t(*st-s made 
on moving trains it was found that the intensity of the signals r(M^(HV('d al- 
ways greatly increased when the train approm^hcHl a riv(M*.“'*‘^ Hcmce 
it would seem that the waves tend mainly to follow the better couduciing 
water paths. 

Moreover, in tests with such receiving antenna) as determine the direc- 
tion of the incoming waves [Art. 201b], it was noticed tlmt tlie dii’cction 
did not always correspond with that of the transmitt(‘.r.“«i T\w. wave's 
in such cases, evidently, under the influence of the variations in the ground, 
did not proceed in straight lines over the surface of the earth. 

b. In passing from water to land and vice versa'\ a part ial reflection 

* This would not explain the fact, observed by MAuaoNd«i that ships in the 
Mediterranean could telegraph most conveniently with lOnglish land stations at 
night (X = 300 or 600 m.), at distances over 1000 miles, but that slups in the North 
Atlantic Ocean can very rarely be readied at the same distaiuuis, though no land 
intervenes here, [Translator's Note.— Similar observations have been made on th(^ 
American coast and from many reports it would app(^ar that usually longer distances 
Jittained in a north and south than in an east and west direction.] 

“t Or expressed in more general terms—in passing between portions of the earth's 
surface having different electric properties. 
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iiud possibly also rofriiciion or bcuiding of the waves must occur. ^32 
Hence the amplitude of the waves received from a given transmitter at 
a given distance depends not merely upon the distance traveled over 
land and over sea, but also upon the shape of the coast* encountered by 
the advancing waves. 

Perhaps this accounts for the fact that at times certain points at 
a much greater distance from the transmitter receive its signals much 
louder than points nearer to it. In many such cases, however, the 
explanation may lie in the possible interference between two trains of 
waves which have reached the point of reception by different paths and 
are therefore out of phase with each other. 

3. EFFECT OF ATMOSPHERIC AND OTHER INFLUENCES UPON THE 

WAVES 

144. Effect of the Condition of the Atmosphere. — a. The entire theory 
discussed in what has preceded does not entirely represent the actual 
(conditions; it was based upon the assumption that the earth, itself a 
(‘oiiductor, is surrounded by a perfect insulating and homogeneous 
medium. Howevc'r, the jiropertic^s of the atmosphere undoubtedly vary 
at diff(U‘ent heights and furthermore the air is not a perfect insulator. 
These conditions must be factors in determining the propagation of the 
wavers. 

b. The ahsorpiion. of the wavers may depend upon the condition of 
t lu^ atmospluM-e. Mon^ovc'r th(' direction and the form of the waves may 
l)e eJianged if tluuH' are a nuni])er of laycu’S of the atinospliei-e, having 
different qualiti('S, spn^ad ov('r thc^ surface of the earth. Piually, any 
helero(icnc it'll of the atniospliercnuay clause disixu-sion, n^fracition or partial 
retlcvdion. 

The similar phenomena wliicli occur wlaui rays of light pass through 
the atmosplnu’e have often Ixuui used as analogues.-"** This is justified 
within (HU’tain limits, but- the wide diffeamce Ind-ween the two cases must 
not be forgotten. Tims, tlm wavcvhmgth used in radio-telegraphy for 
tile longer dist.anci^s is from 1000 to 0000 m. Any heterogeneity in 
the atmosidiere ext-emding over one or more kilometers is, therefore, al- 
ready of the same ordcu' of si:5G as the wave-length; the conditions are then 
coinparaldeto thosceiuiountered in optic-s in colloidal solutions. Further- 
more, not merely the (‘-ondition of the atmosphere, but also the proximity 
to the earth’s surface in a given case determines the nature of the propaga- 
tion of electromagnetic waves, wherein another difference exists as com- 
pared to light waves. 

c. There is no doubt at all that atmospheric conditions greatly 
influence the range of a station. But we must make the following 
distinction: 

* Tims a circular bay might perlmps act similarly to a concave mirror. 
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L The direct effect, which the condition of the air (ionization, Ini- 
inidity, atmospheric pressure and temperature) may have upon the wave 
propagation. 

2. The indirect effect which may consist, on the one hand, of changes 
in the insulation and ground resistance in the vicinity of the transmit- 
ting antenna and hence in the oscillations radiated; on tlie other hand 
changes in the earth^s surface between transmitter and receiver affecting 
the absorption of the waves. 

Accordingly, experiments in which these indirect effects were not 
avoided or at least were not under exact control, are of no use in detei’- 
mining the direct effects. This immediately eliminates all tests over 
land, as it is impossible to avoid or quantitatively determine the effect 
of the weather upon the stretch of the earth^s surface in question. Only 
tests over sea, and preferably from ship to ship should be considercMl, 
and even these only if it is definitely determined tliat th('. insulation of 
the antenna, and hence the oscillations, were not affcHited. 

In spite of all such precautions, the great(\st care is ncuu^ssary in 
drawing conclusions from the results obtained. If the ai-mospluM'ic, 
conditions really do influence the wave propagation, then ih(^ (mlire zone 
of space between transmitter and receiver must bo tak('ii into con- 
sideration, something hardly possible in most such t('sls over grc'at 
distances. 

145, Ionization of the Atmosphere. — In previous arti(^l('s \ho air was 
assumed to be a perfect insulator. However, tlie air is always sonu^- 
what ionized, due to radio-active emanations from tlu^ ground, to tlu^ 
action of the sun^s ultra-violet rays and probably tilso to electrons scMit 
out from the incandescent sun.* 

a. The conductivity of the atmosphere, due to this ionization, up to 
heights accessible by means of balloons (about GOOD m.) is very low, much 
lower in fact than that of the dryest ground. Such slight c.ondm^l.ivity 
can hardly have an appreciable influence upon the form of Ihe waves; 
their absorption is probably increased by it, but only v(n*y slighiiy.--^ 

However, even at heights attainable in balloons it is noticu^abk^ that 
the ionization of the air increases with great rapidity as tlu^ lunght in- 
creases. It is very probable that it assumes largo proportions at very 
great heights, for at such altitudes the action of the ultra-vioU^t rays of 
the sun and probably of the action of the electrons emanating from the 
sun must be much more powerful than at the lower layers of air, where 
both are already almost entirely absorbed. 

There are then two possibilities. Either the conductivity of tl\o 
air even at the greatest altitudes in question, is still very small as com- 
pared to, say, the conductivity of wet ground; in which case the effect of 

* It has been reported^®® that the polar lights have a marked effect upon the trans- 
mission between a station in Spitsbergen and one in Hammerfest. 
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ilio upper layers of the atiuosphorc will consist mainly in increased 
al.)Sorption of the waves. Or the conductivity of the uppermost layers 
of the atmosphere is of about the same order as that of wet ground; in 
which case the conditions would be quite diiferent than has been as- 
sumed in Art. 138 et seq. We then would not have a practically homo- 
geneous medium of infinitesimal conductivity surrounding the earth, 
but rather three concentric layers, viz., the earth’s crust or outer layer 
of relatively good conductivity, then the lower portion of the atmosphere 
of infinitesimal conductivity and, finally, the upper layers of the at- 
mosphere of good conductivity, the transition between the latter two 
being more or less gradual. In this case, the waves radiated by a trans- 
mitter at the earth’s surface would find two guiding conductive layers 
and would progress in the space botwi^en them. The form of the waves, 
moreover, might l)ecome quite di{T(M‘ent than that which results under 
the assumptions of Arts. 138 and 139. No general conclusion can be 
drawn as to tlui clfecl*. of the upper laycu’s of the atmosphere upon the 
al)sorption, as iJiis might be eith(u- in<u‘eased or decreased according to the 
conductivity of tlu^ upper laycu’s of the air. 

b. J. A. c-onsiders an indirect eff(H*t of the atmospheric 

ionization. He assunu's that in the upi)er ionized regions of the atmos- 
phere, water vapor condenses on the ions tluM’c'by increasing the di- 
electric con^itanta of tlic^se layers and so ivdue.ing tlu^ v('lo(uty of the 
wave propagation. The result of this would hav(^ to be a bending 
])aekward of the Avave front a.dva-neing over the (‘ailh’s surface and the 
direction of the radiation woidd thereby he turned upward. 

c. If siU'h exbmsive ionization of the iiir as i-o materially affect the 
waves, either dircMhly or indinM'tly is at all i)ossii)l(^, tlum it must be kc^pt 
in mind that verti(uil air (uirrents, (blonds, fog, etc,., would cause wide 
variations in the condin^tivity at diHerent i)a,rl.s of tlu^ sa.me layer of air 
at the same luaght. Such lack of homogcMu^ity might furthermore c.ausci 
(lispcM'sion, rc^tUndion, a))Sor))lion, <d.<\, of tlu^ wavers and possibly also lead 
to inbu’ha'ence phenonuma.-’’’* 

d. The first observation whicdi indi(*.at(Hl an effect of atmospheric ion- 
ization, was that made by Mauooni,-’*** whicdi has since tlKui hexni re- 
})(^at(Hl again and again, namely, it is found that in teh^graphing over great 
distaiKjes, l,)ut with not very great wavc^-hmgths (X < 4000 in.), the 
same iramniittcr is apt to be much more effective at night than in daylight. 
The distance reached at night is at times two and one-half times that 
reached in the daytiiruj, according to Makconi. The quantitative 
measurements of L. W. Austtk’^' confirm a daylight effect and agree 
with Marconi’s observations inasmuch as the action or intensity is very 
nearly constant in the daytime, but very irregular at night, sometimes being 
only slightly greater, then again very much greater, than in the day.* 

* Austin's observations [Art* 1466] wore made with wave-lengths up to 3750 m. 
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In addition there have recently been made nuinerouH obsorvaiionH 
indicating that during an eclipse of the sun the intensity of wiiudc^ss 
signals increased as the sun was darkened and decreased again witli 
increasing sunlight. 2 ^° 

These observations, so far as reduced daylight intensity is concerned, 
would be explained by the increased ionization of the upper layers of the 
atmosphere in the daytime. Nor would Marconi\s observation that the 
difference between day and night practically disappears with wave-lengtlis 
of 6000-8000 m. interfere with this explanation; for it might well be that 
the direct [a] or the indirect [b] effect of atmospheric ionization, as well as 
the effect of the conducting earth, is not so great for long as for short 
waves. But as regards Marconi’s statement that with an 8000 m. wave 
the range is greater in the day than at night, it will bo necessary to sub- 
stantiate this with observations of a further regular increase in range in tlu^ 
daytime with additional increases in wave-length, before drawing any 
final conclusions. 

It will be difficult, with our present knowledge of the (ionditions in- 
volved, to find a sound explanation for the observation tliat tlu^ intensiiy 
of signals greatly fluctuates at nighf^ This observation mala's tlu^ gcMua- 
ally accepted theory that the night action is the normal oih^, corri^spond- 
ing to an unionized atmosphere, while the daytime action is weakcnuMl 
directly or indirectly by ionization, appear sonu^what doubi ful. A(. any 
rate, it is possible to conceive that it is tlie daytinu^ aidion wliicli is 
“normal” and that at night the intensity is incrcascMl by (^a.iis(\s a.s yet not 
definitely understood. This last conception would be tlii^ only possible 
one, if it is really found [Art. 140c] that the falling off in ainpli(.ud<^ actually 
observed in the daytime is equal to that theoj-etically c.alculatcHl as diK', 
only to absorption by the earth and straying diuj to the sph(‘ri(‘.al form of i Ik^ 
earth, without assuming any effect due to ionization or lud-ca-ogcmeity of 
the atmosphere. 

Particularly complicated conditions occ.ur at sunrise and sunset. 
They are best illustrated by curves given by Maroonl^”^ and n^prodiuHMl 
in Fig. 318; the abscissae represent Greenwich time in hours, tlic ordinat(\s 
the intensity of the signals received in Clifden (Ireland) from Glace Bay 
(Canada), drawn to a convenient scale, the full line curves ref(u*ring to 
X = 7000 m., the dotted curve toX = 5000 m. TIkvso curv(^s indic-ato a 
very constant intensity during the day, but shortly aftcu* sunset in 

* Nor have we any explanation worthy of serious cjonsidemtion for MAiKJONdH*”^ 
observation of the fact that the bad elfoct of land and luouiitaiiious (‘.ountry upon 
wave propagation with comparatively short waves exists in the daytinui, but nut 
at night. 

To be sure it is not clear whether Marconi’s statements are general or are intended 
to refer only to communication between England and MeditoiTamnin points, in wliieh 
latter case particularly complicated conditions seem to bo involved (hcjo foot-not(i to 
Art. 143a). 
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(Hifdon the intensity drops off, reaching a minimum about 2 hours 
hitc'.r. From then on it rises rapidly to a very high maximum occurring 
about at the time of sunset in Glace Bay. Then the intensity gradually 
falls olf and during the period when darkness covers the entire Atlantic 



Midnight 

Fig. 318. 


Ocoiui, it is oxtroiiKily viiriablo. Shortly before sunrise at Clifden the 
sifJinals apjain iiie-rc'ase in intensity until they reach a maximum 

just after sunrise at dlifden. Then the intensity falls off again to a de- 



(•i(l(‘(l miniiuinn, which occurs an hour or two bc'fore sunrise at Glace Bay , 
after whicdi it rises to the normal day value again. 

In Figs. :ilt)-d2‘2 the distribution of light and darkness (the latter 



shaded) is sketched for the times at which the minimum and maximum 
intensities occur. From these it is apparent that Mabconi s observ^ions 
would find a ready explanation if the waves in the ionized region ha a 
lower velocity of propagation than those in the unionized region and that, 
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in passing from the slightly to the greatly ionized* portion of the atmos- 
phere and vice versa j considerable reflection f occurs. 

The effect of the wave-length in this connection should be notc^d. While 
theintensity of the 5000 m. wave is considerably lower during the clay than 
that of the 7000 m. wave, yet the shorter wave reaches a considerably 
higher maximum at the points of sunrise and sunset. 

e. We have proceeded partly under the assumption that observed 
differences between night and day transmission involved an indirect 
effect of the daylight, viz., the light affected the brush discharge of the 
antenna and thereby the damping and amplitude of the oscillations. 

This might occur in either of two ways. Thus, the photoelectric 
action of the light upon the upper surface of the antenna might increase 
the discharge from the antenna. This is made very improbable by tlie 
fact that the photoelectric action of daylight at the surface of the earth 
upon impure metallic (or copper) surfaces is very slight. 

Otherwise the daylight, by increasing the conductivity of the air, 
might indirectly affect the brush discharge. At points where a brusli 
discharge occurs at night, there is probably no appreciable change dui’iiig 
the day, as the effect of the daylight is extremely small in (M)mparis()n 
to that of the strong ionization caused by the antenna’s el(^(d.ri(ad fi(^ld. 
But it is conceivable that at such points of the antenna wherc^ Uu^ I)oten- 
tial amplitude is not quite sufficient to cause a brush dis(;harg(^ during ilu^ 
night, the additional direct or indirect effect of daylight might produce a 
brush discharge. 

Laboratory tests^^^ with coils and simple aerials have shown no 
appreciable effect due to strong ultra-violctlightjtdampingnu^asurenumts 
on antennae in our latitude did not give sufficient differences in the chew- 
ment between night and day as to explain the diflerem^c^ Ixdvvecm nighfc 
and day transmission. In the tropics, however, the day values hav (5 at. 
times been found to be very much higher than the night valiums. 

/. The following practical conclusions may bo drawn from what has 
been stated in d as to the differences between day and night transmission : 

* It is here not a question, of whether a portion of the atinoaplKM’o is liffhl or dnrk^ 
as the lower layers of the atinoMplun'c^ are always to 
be considered as slightly ionized wlu^iher in daylighb 
or not. Thus Fig. 320, if the slightly ionized n^gioii 
were shaded, would appear, on a soinewliat larger 
scale, as shown in Fig, 323. 

Fig, 323. t Perhaps herein may also he found tlui explana- 

tion of Marconi’s^®^ ohservatiou that the raug(* at 
night is greater in a north-south or south-north direction than in an east-west or 
west-east direction. 

J Marconi’s^®® observation that the effect of daylight upon transmission becomes 
noticeable only at relatively great distances (say over 250 kin.), also niak(^H it very 
improbable that light affects the oscillations of a transmitter. 
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1. As waves of great length are considerably more advantageous in 
the daytime, but have no great increase in their action at night, while 
shorter waves, though weaker in the daytime, have their radius of action 
greatly increased at night, it would appear advisable to operate with 
relatively longer waves in the daytime and with shorter waves at night. 
This, in fact, is occasionally done in practice. 

2. It is often stated as evidence of the range of a station that its signals 
have been clearly received at night by some other distant station. As 
night transmission is always irregular, only the negative conclusion that 
the two stations are not capable of regular and constant communication 
can be drawn with safety. 

146. Actual Measurements of the Wave Propagation. — The theo- 
retical results of Art. 138 et seq, were based upon the assumption of more or 
less ideal limiting cases. It is very important therefore to study the results 
of actual reliable tests. 

a. Only such tests in which the conditions governing wave propaga- 
tion in wireless telegraphy are duplicated should be considered. This 
eliminates: 

1. All laboratory tests or tests made in the immediate vicinity of 
buihlings, as reflection from the walls and disturbances due to conductors 
are apt to greatly modify the results, unless the work is done with very 
short waves [see exception 3 in this connection]. 

2. All tests in which the distance between transmitter and receiver 
is not considerably greater than one wave-length. In radio-telegraphy 
we deal almost entirely with the field at a great distance from the trans- 
mitter, which is apt t o ])e quite different from the field near the transmit- 
ter, particularly as the falling off in amplitude obeys totally different 
laws at great distances than in the proximity of the transmitting aerial. 

3. All tests in which the wave-length is much different from those 
used in radio-tcdegi’aphy; according to Art. 139, the wave-length is a factor 
in determining tlie form and absorption of the waves. 

b. The early experiments of W. Ditddell and J. E. Taylor-'® 
have shown that over sea the amplitude— excepting in the immediate 

vicinity of the transmitter— varies approximately, as ”. These tests 

were made over distances of from 16 to 60 miles. Similar tests by C. 
Tissot^*^® gave the same results. 

More recently, L. W. Austiist^^^ conducted very careful measure- 
ments involving very long distances (up to 1000 nautical miles), using the 
high power station at Brant Rock as transmitter and a receiver on board 
a U. S. battleship. He found that the reduction in amplitude is con- 
siderably more rapid than would correspond to « — and also that it is less 
rapid for long than for short waves in the daytime# 
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Thus Fig. 324 represents the result of a series of observations. The 
ordinates are the values of the effective current in the receiver, which, 
other things remaining equal, is proportional to the amplitude of the 
electric field strength at the receiver. The dotted curve is plotted to 

show what occurs under the assumption — amplitude «: that there 

is neither any absorption [Art. 139] nor a stray field [Art. 140]. The 
actual observations are plotted as small crosses;* they are all below the 

dotted curve, the day observations 
following the full line curve fairly 
closely. This curve is calculat,cd 
from an empirical equation wliit^h 
seems to correspond quite w(dl witli 
the observation's. t Tliis equation 
gives the value of the effeudive cur- 
rent in the reccivci* as e{|ual to 
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where A is a constant, 7^// ihe 
effective current in the transinii- 
ter, hi and h^ the luughts of Ww 
transmitting and receiving anl,(Muun 
respectively, all kmgths being (ex- 
pressed in kiloinet(n’S. 

c. In regard to propagation over Zand, the measurenumts of DTronionn, 
and Tayloe^^^ already showed that at considerable distanc(3s from Ihe 
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transmitter the amplitude falls off more rapidly than the factor 

L. W. AtiSTiN^^^in testsover 45 miles of land found that the al)sorption 
with X = 3750 m., was hardly greater than over sea, but that with X = 
1000 m. it was much greater over land. 

It seems evident from a great number of observations tliat the rocliu!- 
tion in amplitude is largely dependent upon the nature of the ground 
involved, whether it is the different petrologic formations or diffcToncu^s 
in the moisture contained which are the determining factors, and that in 
general much moisture is favorable, dryness unfavorable to th(3 wave 
propagation. 


147, Effect of Grounding the Transmitter upon the Wave Propagation . — 


*Tlie crosses within a circle represent observations with a galvanometer and 
detector, the plain crosses those made with a telephone and detector [Art. 51]. The 
letter N over a cross indicates a night observation. 

t hi and /i 2 were varied from 12 to 43 m,, /«// from 7 to 30 amp., X from 300 to 
3750 m., r from 30 to 1000 nautical miles. 
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A study of the effect of grounding in radio-telegraphy must be subdivided 
under the following two questions: 

1, What is the effect upon the oscillations (their frequency, distri- 
bution and amplitude of the current, damping)? 

2. What is the effect upon the propagation of the waves? 

The first question was discussed in Art. 99 et seq., the second in Art, 
138 et seq. Prom those, however, a third question suggests itself, viz., 
have the extent and manner of grounding the transmitting antenna any 
effect upon the propagation of the waves? 

With sea water sucli an effect would seem a priori very improbable; 
not so however with dry land. Certainly it is conceivable that extending 
or not extending the ground connec^tion to the ground water would have 
a different effect not merely ui)on the ground resistance, but also upon the 
propagation of the wav(\s. 

If it is desired to answer this question with actual tests,* it is abso- 
lutely essential to prevent changes in the ground connection from affecting 
the antenna oscillations, /.c., tlie fnuiuency, damping, current amplitude 
and distribution must remain constant. Otherwise the tests will give 
no information. It is very doubtful that any reliable tests in which all 
such iiifiuences were entirely eliminattMl have cv(U‘ been recorded. 

148. The Safety Factor. — Prom Arts. 142 and 144 et it follows 
that the effect of a giv(m transmithn* upon a giv(m rc(^eiver is influenced 
by various conditions, siK^li as weatluu’ conditions. Hence, where it is 
required that communication betw(Hm the givcm stations shall not simply 
stop whe]i(W(u- a combination of uni’avoral)le conditions arises, it is nec^es- 
sary to introduce a coiisidei'able ‘‘factor of safety.’’ The “range” of 
the transmitter, ix., the distance at wliich the r(u;eiver is still just 
able to distinctly nuH'ive tlie signals, must be (U)nsideral)ly greater than 
the distance between the two stations for maintaining uninterrupted 
communic^ation. 

Tlu'. TwnniinTrsrKMN Co. formerly used a safety factor of /'.e., tlu^ 
range of its commenrial stations had to b(^ thr(‘o times a.s gn^at as the dis- 
tance to be bridg(Hl in regular sei’vicje. 

* TIio literaturo of nidio-telograpliy aboiuuls with siicli tests. 
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DETECTORS^^^^ 

No direct detection of the electromagnetic waves emanating from a 
radio-transmitter is possible. We are limited to causing the waves to 
induce oscillations in the conductors of the receiver and to detect these 
oscillations by means of suitable apparatus. Hence the names ‘‘wave 
indicators, “detectors,^’ etc., although these devices really indicate the 
oscillations in the circuits in which they are connected. 

1. THERMAL DETECTORS 

149, Bolometer and Thermogalvanometer. — The currents inducted 
in radio-receivers, as soon as distances of any great extent aro involves I, 
are of very low amplitude. Hence if the heat developed by these currcuits 
is to be used for their detection, only the more sensi- 
tive of the apparatus already described [Art. 4 at 
set?.], such as the bolometer, tlicnnot^ouple and 
thermal galvanometer can come into consideration, 
and even then only for moderate distances. 

The bolometer has been extensively used by 
Tissot^^® and others for radio-rneasurcrncuits. li.s 
form was, in principle, that shown in Fig. 102, tlu^ 
bolometer wire being very fine and enclosed in a 
vacuum tube. Later the bridge connection was 
replaced by the compensation method of connection 
devised by BSla Gati, 

The wave indicator used by R. Fiossmstukk an<! 
others under the name of solid barretter,^' consists 
essentially of a very fine i3latinum wire (so-calkul 
Wollaston wire) (P in Fig. 325) of 0.002 mm, diameter axid 0.4 mm. 
long in a glass vessel (G, Fig. 325) containing a vacuum. To prevent 
a loss of heat by radiation, the wire is enclosed in a small container, /S', 
of silvered glass. Fessenden did not, at least not in all cases, use this 
barretter in connection with a bridge, but placed it directly in a tolophono 
circuit, so that the telephone responded to the current variations caused 
by the changes in the resistance of the wire. 

The thermal galvanometer has proven itself well suited to measuro- 
ments at moderate distances, and was used among others by W. Duddell 
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and J. E. Tayloe^^® and also by Margoni^'^® in his experiments with 
directional telegraphy, 

160. Thermocouples. — ^Thermal Detectors, — The wave indicatoi's 
whose action depends upon thermoelectric effects may be divided into 
three classes, as follows: 

а. Thermocouples of wires [Art. 48], Excellent as these are for 
laboratory purposes, they are hardly sensitive enough for general use as 
wave indicjators, in spite of all precautions to minimize heat losses and 
the use of very short and thin wires. 

б. Thermal Detectors with Point Contacts, — The requirement for 
maximum sensitiveness in a thermocouple (thermal detector) would ap- 
pear to be the production of the greatest 
tenvperatu7'e rise at the point of contact. 

Hence it is important that those parts of the 
thermocouple in which the heat is developed, 
aside from having the lowest possilde specific 
heat, have as small a mass and surface as 
possible. With thermocouides made of wire 
this is obtaincal l>y the use of vc'iy fiiK^ wire's 
(and the ininiimim of solder, where tliis is 
used). But another method is to have one of the elements of the 
thermocouple touch tlu^ other at a point or hnife-edye. 

Thermal detectors of this type liave beem devised of number-less com- 
binations, Hindi as t(‘llurium-aluminium (L. W. Aifstim, Nat. 

Sni. tk).)» telluriuni-galena ((^ Louknz), silic()n-{*()pi)er (G.IT. Phikakd), 
tinre)il-gale'na (TwruoFUNKKiN (V).) and also tlie^ extensivedy used gi‘apliitev 
galena ce)ml)ination.'^ 

The usual arrangeMuemt is l.o have one of the edernents pre^sserl against 
the^ otheu- by means e)f a spring and te> proviele a finei aeljustment for regu- 
lating i-he pressure'. 

In some fen-ms one metal is elisei-shapexl anel keqit in constant rotation 
while', i-he other l)rushe>s ove'i* it with a slight pre^ssure (L. W. Axtstik). 

c. Thermal Detectors with lleaiimj Dctnce,'\ — An example of this typo 
is found in W. Schlomilciii’s (TmU'iL’xrN'KKjsr ( -o.) iliermal detector. In 
this, one clemenit is a platinum wire with a small bend in it (A, Eig. 32G), 
pressing lightly against a disc e)f oxielized copper. The platinum wire 
is heated by means of a small alcohol flame, so that a thermoelectric 
force exists at all times; the oscillations therefore simply vary, rather 
than crerite the thermoedoctric fore*o. This detector is no longer used in 
pra(d;i(*.e, 

* With Honui of those (lotc(d,<)rs, liowovor, it is not certain that the ac.tion is really 
tlK^nnuolcctric [Art. lOOc], 

t Art. 162a regarding the purpose of this heating device, 
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151. Relative Importance of the Thermal Detectors, — Most of the 
thermal wave indicators mentioned in what has preceded are preemi- 
nently adapted for certain quantitative determinations in radio-telegraphy. 
For some of these measurements, transmitter and receiver need only be 
separated by a few kilometers. But even where a distance of several 
hundred kilometers is necessary, some of the thermal detectors have 
sufficient sensitiveness to serve the purpose, and in comparison to other 
wave indicators they have the great advantage that their deflection is 
due exclusively to the current effect, even though not necessarily propor- 
tional to it. 

This property of the thermal detectors, however, is not without its 
danger. For it is conceivable that results obtained with the thermal 
indicators are applied to methods using other wave detectors without 
consideration of the question whether the latter also respond to the current 
effect 


2. MAGNETIC DETECTORS®^ 

162. The Fundamental Physical Principles. — Assume a magnetu^ 
field M induced by means of a permanent or electromagnet in sonu^ st,(‘(*l 
or hard drawn iron wires. If, then, these wires are subjected to the fic^Id 
of an electromagnetic oscillation, e.gf., that produced by the discharge 
of a condenser circuit, the result will be a change in the magnelic flux in 
the wires. We may state therefore: The result of the action of the os(ulla- 
tions — no matter through what processes it is obtained-'^’^ — is a very rapid 
change in the magnetic flux in the wires. 

If the same thing is repeated with the same wires, the effect is only 
very slight. If it is desired that a second discharge again have a mat(*rinl 
effect upon the magnetic flux in the wires, it is necessary to alter the mag- 
netic field M between the first and second discharges, as, by in(a‘(‘as- 
ing or decreasing the current in the electromagnet, or, if a periuaiumt 
magnet is used, by altering its distance from the wires. 

Hence, if iron or steel is to be used as an indicator of elcctromagiud i(^ 
waves and is to react upon any sequence of these, it is absoluk'ly essential 
that the external field is continuously varied, oj, that new irouparl-s are 
constantly subjected to the action of the electromagnetic oscillations, 

163. Marconi’s Magnetic Detector.— Marconi, probably following up 
the work of Rutherford, used two different forms. 

a. The first is shown diagrammatically in its essentials in Fig. 327, A 
bundle of hard-drawn iron wires is enclosed within the winding, /Sh, 
through which the oscillations of the receiver pass. The variable mag- 
netic field, M, is obtained by rotation of the horseshoe magn(it, H, fast- 
ened to the axle, A. The rapid change in the magnetic flux in the iron 
wires caused by the oscillations, induces an e.rn.f. in the winding, 
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This produces a clicking; sound in the telephone, T, connected in circuit 
with /ia, every time an electromagnetic wave strikes the receiver, 

b. In practice Mauooni seems to have used only his second method, 
which is shown diagrammathuilly in Fig. 328. The iron wires are formed 
into an endless string or rope, X), ininning over two grooved pulleys and 
kept in motion by a ekxdvwork. The magnetic field, M, in the iron wires, 
is induced by two horsc^shoe magnets, /X, under whose poles the wires are 
pass('d. 

When the wires pass through the inside of the winding, Si, which is 
connected into the receiving (urc.uit-, they are subjected to the action of 



th(' oscilladons. The hitt(*r a,r(^ hvw. also indi<‘,at.ed by iiK'ans of a. t(‘le- 
phoiH^ coniK'.ctcMl to tlie v.oW No. 

Mau(!()N1 suc.c.('cd('d in o])eraiing a nday with (his d(‘tector [Art. 107 c] 
iuid t.lu'reby to aut.omaticwilly r(xx)rd th(5 r(M*.(»ived message^s,^**’’ l)ul'. at 
j)r(\s(uit he scxnus to ])r(^fcr the use of a suspension galvanometer [Art. 
liSTb] for rc’icording idegrams. 

164. Other Forms of Magnetic Detectors. — In ajiother class of inag- 
n(d.i(5 wave indic^al-ors, the iron body subjected to the action of the re- 
Veiv(‘d ()S(ullations, is hxjal-eil in a rotating magnetic field, or is itself ro- 
tated in a fixed constant Md. To this class belong tlu^ arrangements^f’*^ 
of II, Auno, J. a. Ewino and L. H. Waltku, A. S. ilosst, 11. A. Pkssw- 
DioN, W. PiouCKKiiT and another of Ij, H. WALTjoii. 



276 


WIRELESS 3 ELEi. iAPHY 


None of these aiTangements seem to have entered into radio-pn - 
tice, for which they are hardly so much intended as for measuring purposes. 
Por measurements, certain of these devices have the advantage that their 
action is not determined by a single oscillation (as is the case with 
Mabconi’s magnetic wave indicators) but the effect of a sequence of wave 
trains is summed up to a certain extent, as with the thermal detectors. 


]) 



T 


Fia. 328. 

3. IMPERFECT CONTACTS 

155. Metallic Granular Coherer.^®* — In its original form (.In? 
“coherer” consists of a tube of non-conducting material (c.f/., a gla.s,s tul )(^) 
with two metallic electrodes, and E^ (Fig. 329), betwcHiii wliic^li ai-(> a 
large number of very small pieces of some suitable metal (granules. 



Fig. 329. 


shavings). This in its normal condition offers an almost infinite resisf.- 
ance. If, however, sufficiently strong oscillations ai'e pivssed through this 
coherer, its resistance is greatly decreased, falling to several thousand or, 
in some coherers, even to a few hundred ohms or le.ss. This low re-sist- 
ance is retained by the coherer after the oscillations have ccaseil. In 
order to bring it back to its non-conducting state, it is necessary to shake 
it, say, by tapping against the containing tube. 
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Since the time when BiLmusy showed LLat this simple device con- 
s(-itiited a wave indicator of 3tiu:-h higher sensitiveness than the other forms 
tlien known, the coherer was improved and developed along the following 

j The iihape of the coherer was not changed much. Marconi cut 
the elecUode surfaces at an angle to the axis (Fig. 330) so that the space 
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l)(‘lwo(M\ them is wedge-shaped. In this way, upon tapping against the 
si(l(^ of Ihe tube where the ('hujtrcxh^s are (^los(^st together, there is no 
danger of jamming the metal filings between the electrodes. 

b» As to tlie viafrrial, vcMy little of a geiu'ral nature can be stated. 
Maeu^oni used silver elec^trodes in Jiis early work, as it was easy to form 
an amalgam with tiu^ silver, and his filling was a mixture of 90 per cent, 
nickel ami 4 per c.(Mit. silver. Similar c,oh(u*ers were long used by the 
'’1'i'iM‘jpuisrKKEsr <.^o. (Fig. 331). Later Soiilomilcu, of tlie Telkfunken 
( (levisc'd a V(*ry sensitive colK'nM* of gold and aluminium; one electrode 
being ol aluminium, the other of gold, while the filling is gold powder. 
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A. Kokpseij obtained a very reliable (x.)her(‘r by using higlily polished and 
V(‘.ry lull’d sl-(x4 phiU^ electrodes and gi’anules of glass-hard stec4. 

In n^gard to tlu^ filling, the chemical constituency is by no means the 
only d(4iermiiiing factor, and the shape of the granules is of at least 
(upial importaiKje. In general, high sensitiveness is secured by giving 
lh(^ granules sharp points or edges. The danger of jamming with such 
granuk's is jniiuuiizod by eliminating all those having a long narrow shape. 

c. (.k)hor(irs arc frequently exhausted (vacuum), this practice having 
b(Miu originatcul by Marconi. Complete dryness inside the coherer is 
assured in this way — a requirement for reliable operation. 
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d. Some coherers are arranged with adjustable sensitiveness. Where 
the space containing the metal filings or granules is decidedly wedge- 
shaped, as in some of the coherers formerly used by the Telepunken Co., 
this adjustment is attained by simply turning the coherer, the sensitive- 
ness being greater when the narrow portion of the wedge-shaped space 
points downward. In other coherers the distance between the electrodes 
is adjustable, as in those of A. Koepsel, also in those of H. Boas (Fig. 
332) * which latter are in a vacuum. Regulation of the electrodes through 
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the air-tight ends is made possible by a flexible metal diaphragint whicli 
closes the tube at one end and against which one of the eh^ctrexh^s is 
pressed from within by means of a spring. If, then, the mica’onu^ter 
screw is turned from the outside, this brings pressure against the dia- 
phragm, thereby moving one of the electrodes within certain limits. 

166. Mercury Coherers. — a. In some experiments of the Italian Navy, 
the cohererj shown diagrammatically in Pig. 333, was t(\sted. 'Ihvo 
electrodes, either both of iron or one of iron and one 
of carbon, are placed in a glass tube, and between 
the electrodes is a drop of mercury. 

This coherer, which was also used by Makconi 
for a time in some of his long distance work, seems 
to be more sensitive than those having solid metal 


Fie. 333. 
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granules. Moreover, it differs from these in that aft('r the oscilhiiions 
have ceased, it automatically returns to its initial high r(\sis(,an(x^§ 
This form of coherer is no longer used in practice, however. 

b. Another form of mercury coherer has been devised, apparently imh^- 
pendently by A. Koepsel on the one hand and by 0 . Lodge and A. 
Mitirhead on the other hand.^^® The construction adoptcxl by the 
latter is shown diagrammatically in Fig. 334. A small Biod wluud, Rj to 
which current is brought through the brush, JS, is rotated by (doekwork 

* From a pamphlet of H. Boas. 

t The metal diaphragm is soldered to a metal tube which, in turn, is soldered to 
the platinum coating on the glass. 

t Apparently the idea originated with an Italian Signal Officer nain(«l Castelli. 

§ It is “self-restoring.” 
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ov by a small motor. The wheel dips dightly into mercury, Q, which is 
covered by a thin layer of mineral oil. Normally the wheel and mercury 
do not make a conducting contact; a contact is formed, however, as soon 
jis oscillations pass through this coherer and disappeai’s again as soon as 
the oscillations cease. 

These coherers of Lodge and Muirhead seem to have given good 
sei'vice in practice. 

According to the investigations of W. H. Ecclbs, the action of this 


detector, as well as of that described in a, seems to depend upon the nega- 
tive temperature coefficsient of the iron oxide coating wliich 
forms on the iron or steel electrode. If the oxide at the 
point of contact becomes heated by the oscillations, its 
resistance is greatly dec.reased and the current from the 
battery supplying the detector circuit (see Fig. 329) rises 
considerably above its initial value. 

c. L. H. Wal'i’eh'-*” devised a very useful and also self-restoring mer- 



cury (!oh(a-er, the sensitive contact being made between a tantalum point 
(7’, Fig. 33.')) and mercury (M). This detector is said to be not quite so 
sensitive as, e.g., the electrolytic, with very weak oscillations, but with 
strong os(nllations it gives much louder sounds in the telephone. 

167. Carbon or Graphite Coherers (Microphone Contact). — Another 
class of (U)herers makes use of cai'bon or graphite. Two arc-lamp car- 
bons, one resting loosely upon the other, or either an arc-lamp carbon or a 
gi'ai)hite rod togetlier with a wire constitute the simplest, though im- 
practical forms of this type of coherer. They sufRce for the detection of 
electromagnetic oscillations as well as any juicrophone, which latter in fact 
wasusc<l by IfiKiiiMS for this imrpose as far back as 1S7!). These coherers, 
like those made of metal granules, (diange their resistance when oscilla- 
tions are i)assed through them, but dilTer from them, resembling the 
mercury colu'rers in this respect, in that they are self-restoring. 

'I'his (‘ohen'r was us(al in practice for (piit.e some time in the foian, de- 
vised by Kobi’seo, in which the imperfect contact consisted of a highly 
])olished, very hard steel plate and ahard graphite rod. This combination 
is very sensitive but is not sufllciently reliable for regular practice. 


4. ELECTROLYTIC AND OTHER DETECTORS 

168. Anti-coherers. — This name is frequently applied to those de- 
tectors in which the effecit of the electromagnetic oscillations, instead of 
being a vodtuMini is an inci'oane in the resistance; these anti-coherers more- 
over are self-re.storing. 

a. DdFonint’n "JicsjMnder .” — In a tube of non-conducting material 
there are, as in the ordinary coherer, two metallic electrodes, which som^ 
times arc hollowed out us shown in Fig. 336. The space between them is 
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filled with a paste which in one case, e.g,, consists of water and glycerine, 
metal fihngs and pulverized lead. 

Db Forest gives the following explanation of its action. If this clcs- 
tector is placed in a battery circuit, a small current flows through it. 

The resulting electrolysis, causes the formation of 
very fine metallic bridges between the metal 
filings. The effect of the oscillations is to destroy 
these bridges. When they cease, however, the 
current immediately causes the bridges to form 
again so that the wave indicator resumes its nor- 
mal resistance, 

&, The detector of J. E. Ives‘S®® contains two 
crossed silver wires, which almost make contact in 
a solution of potassium bromide or iodide or of 
both. Here the formation of the bridges between 
the two wires has been observed under the microscope,* 

169. The Electrolytic Detectors of Ferrie, Fessenden, Nernst and 
Schlomilch. — It seems that the electrolytic detector, to be described in 
what follows, was announced independently by Ferrie, R. Fessenden-, 
Nernst and W, Schlomilch after M. 1. Pupin, at a much earlier date 
(U. S. Patent, 713045, 1898) had used a similar cell for rectifying alter- 
nating currents. The following is a description of the form in which the 
electrolytic detector was used by the Telefunken Co., under the name 
of '"Schlomilch cell” (Fig. 337); 




Fig. 337. 


Fm. 338. 


In a container filled with dilute sulphuric acid there are two platinum 
wire electrodes, one of which is very thin and covered by glass tubing, 
except at its end where the bare wii'e projects for a very short distance. 
This thin wire is connected to the positive pole, the heavier wire to the 
negative pole of a battery whose e.m.f. is only slightly greater than the 
e.m.f. which is produced by the polarization of the cell, platinum — dilute 
sulphuric acid — platinum. Consequently a very small current flows 
through the cell/ so that a galvanometer connected in circuit would show a 




mTBCTOns 281 

slight deflection. As soon as oscillations act upon the detector, a consid- 
erable increase in the current results, so that the galvanometer in the cell 
circuit has a much greater deflection and a clicking sound is heard in a 
telephone connected in the circuit. The moment the oscillations cease, 
the current falls to its normal value. Pig. 338*^ is an exterior view of the 
detector. 

In Fessenden's®^® “liquid barretter” (Pig. 339) the point of a fine 
Wollaston wire (platinum whe coated with silver) just dips into the sur- 
face of the electrolyte (potassium nitrate solution) ;t here also the Wol- 
laston wire is joined to the posi- 
tive pole. Avery fine adjust- 
ment makes it possible to secure 
the most efficient depth of sub- 
mersion and also enables prompt 
readjustment in case the point 
of the wire is harmed at any 
time by too heavy a discharge. 

a. The characteristic prop- 
erties of the electrolytic dc- 
tc^ctor are: 

1. The sensitiveness increases 
as the surfa.(‘c‘- area of the posi- 
tive electrodes decreases. Hcanus, 
an extrenudy small ehsetrode is 
used for radio-purposc^s. In the 
SciiLciMiLcir detector it is a platinum wire of about 0.03 mm. diameter, 
ill glass, from which it proj(^(d.s only veiy slightly, while in Pessenden’s 
liipiid barndUu’ it is a Wollaston wire of still mindi smaller diameter. 

2. The normal rc'sistam^e of tlie ecdl, when not exidted by oscillations is 
only si^viM’al thousand ohms, hence is of about the same order as that of 
the coherer when ('X(^it(»d. 

3. Other things being iM|ual:|: the galvanometer <l(dl(Mdlon or the iiiten- 
siiy of the sound in tlui teli^phone iucreasi^s as the amplitude of the oscil- 
lations is increased.®®^ 

The invi^stigations of O.W.PiEncE^ (which, liowevor, were made with 
low friupuMuy alternating current) indicate that the electrolytic detector 

* From a painphlot of tho Tialskunickn Co. In iliia form tho poaiiivo olooiroclo is 
rotunvablo. A Inlor oonslrncUon of tlio TiOLKFtTNKWN C'o’s. electrolytic detector has 
three fiiu^ wire (diu^trodes, which can h(^ used altcn’iiately,-”** 

t According to J, 10. Iveh"®® a solution of caustic potash (1 vol. saturated solution 
i.o 2 vols. wattnO iiKU’cases tho resistance of tho detector, but also increases the range 
of its variation due to the oscillations. Ives used a Wollaston wire of 0,001 mm. 
diameter (of tho platinum), su])merged to a depth of about 0.1 mm. 

t 'Phat is, with constant dcscreinent, as this determines the galvanometer deflection 
as w<*ll as tho amplitude of the oscillations. 
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acts as a rectifier due to the polarization [sec Art. 162a], the resultiint cur- 
rent being unidirectional. 

b. Fessenden*®® found that with his liquid barretter i.he signals in the 
telephone became louder and sharper on applying a pressure of tlii’oe to 
four atmospheres to the barretter. 

c. The customary method is to connect the electrolytic detector in 
series with a battery and a telephone. It has often been proposed to elim- 
inate the battery, by using for the non-sensitive electrode of the detector, 
a metal which, together with the sensitive electrode, will form a galvanic 
cell of suitable e.m.f. 

160. Crystal Detectors. — There are a number of crystalline substances 
which, when substituted for the coherer in the arrangement of li’ig. 329, 
produce a galvanometer deflection or sound in the telephone, whenever 
oscillations are passed through the circuit. AU these substiuices can, 
therefore, be used as wave indicators. 

o. The use of these substances as wave indicators probably urigiuated 
with the experiments of P. Braun (1901) in connoc.tion with 'psilo- 
melan (a complex mineral of irregular composition ami containing nnui- 
ganin), also with galena (PbS),iron pyrites (FcS;.) and j)yrohisil.e (MnOa). 
At the suggestion of Braun, the Telepunken Co. developcid iJm ])silo- 
melan detector; its sensitiveness was brought to a degree about equal to 
that of the Schlomilch electrolytic detector. 

The following substances have since then boon jiroposed and wid(‘ly 
used in practice:*®* carborundum (SiC) (Dunwoouy), titanium di- 
oxide (TiOa), molybdenite (MoS«) (G. W. Pierce), coi)iier pyrili's 
(CuPeSa), also (CuaPeSa), chalcocite (GuaS), manganese dioxide (MnOa), 
and iron pyrites (FeSa). 

The usual method is to place a small piece of one of tluise mimu-als l)(v 
tween two metal electrodes (of almost any suitahUi material) under light 
pressure, and in series with a battery and telephone in tlie dreuit rc'ceiving 
the oscillations. The use of a plate of the detector material in conjum!- 
tion with a metallic powder (thus, molybdenite — powiUij'cul silver) has 
also been proposed. 

In this same class also belongs the detector of S. C. Brown, in whidi 
lead peroxide is placed between a lead and a platinum (ihsitrode, th{^ h^ad 
being connected to the negative, the platinum to the positive pole of 
the battery. 

b. In a second class of detectors either a combination of two minerals 
or of one noineral with some specific metal is used. To this class bdongs, 
e.g., the “perikon” detector of G. J. Pickard, *«»wliich m a combination of 
zinc oxide (ZnO) and copper pyrites (CuPeSa). 

c. As to the nature of the action of these detectors , it suggests itself 
that this may be thermoelectric. In fact C. Tissot has shown that this 
is very probably the case with a number of detectors — ^the combinations 
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luotiil-copper pyrites, inctal-clialcocitc, inetal-mangaiiesc dioxide, uietal- 
telluriuin. He proved that: 

1. Tliese detectors arc sensitive only if the contact is limited to a 
point. 

2. They operate without a battery in series, and when a battery is 
used the sensitiveness does not depend upon the value or direction of its 
e.in.f. 

3. The direction of the current (direct) obtained under the influence 
of th(^ received oscillations is always the same its the direction of the 
theriuo-e.m.L 

With anothcH* grou]), however — carb()ruudum, anatase (titanium diox- 
ide), molybdenite and the perikon detector — -Tissot’s tests established 
that: 

1. The form of the contact is of little^ or no importance, even relatively 
large polished plates placed between two metallic electrodes make 
sensitive detectors. 

2. The use of a battery in series with the dcdector, with proper value 
and direction of the battery e.in.r., iiuaxMises tlu^ sensit iveness. 

3. The sensitiveiK'ss of these detectors bears no relation whatever 
to the value of their th(‘rino-e.m.f. 

He, therefore, concludes that in this hist mentioned group thermo- 
electric forces })lay no important part in their a.ction as detectors. 

(J. \V. PiiOKcn,’ as the result of exhuisive invevstigations, including 
oscillograi)h re(*,or(ls made with the Buauk tulu', c.oncliKh'd that with 
carborundum, anatase, brookite (another form of TiOo) and silicon, ther- 
imu'leclric; force's W('re not involved, but that thes(^ d(*tec.tors were better 
coiidm^tors in one direction tluui in the utlua*, in short., aid. as rectifiers 
[Art. 1()2J. 

161. Incandescent Lamp Detectors, Gas Detectors. — a. J. A. Fliom- 
ol)S(‘rv(Hl the following i)hen()nH‘non: An chad rode (A, Fig, 340), 
say of cylindrical form, is fus(‘d into a,n inc,a.ndes(amt hunp bulb, whose 
(ilaim'iit is mad(^ iiiea,nd(^s(*ent by nu'ans of a battery, iL* A circuit 
containing a galva-nonu'hu’, (!, (or telephomOand a coIIjaS'h, is joined to the 
(‘l('(d.rode. A, at one (Uid and to th(^ lami) fihiment, at the other, K» The 
ac'rial coil is coui)1(mI with So] lumcc'. if oscAlations pass through ^Sfi, the 
oscillations indiKHul in the circuit AGSoK will (auise tlu'. galvanometer 
to detlect (or produce a sound in the tel(>phone). Tlu^ galvanometer 
muMlle will ndaini to its zero position as soon as i-he oscillations cease, 
/.(!., l,h(^ arrangeammt is a scdf-iTOtoriug wave indicator. 

Sewt'.ral yenirs ago (h Tissot-<^^ used this wave indicator for nieasurc- 
nunits over c.onsid(U*ably long ranges but he complains of the irregularity 

A du)k(* (juil [Art. 1G5/>1 should be inserted in the leads from the battery to the 
lamp. 
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of the deflections.* But in the more recent form of Fleming's ^'oscilla- 
tion-valve/' the anode being a cylinder of carbon and the cathode a 
tungsten wire, this detector seems to have met all reasonable require- 
ments as to sensitiveness and reliability. This is borne out by the fact 
that Marconi has been using it, in conjunction with an Einthoven 
string galvanometer, in his transatlantic stations. 


r 



Fig. 341. 

The incandescent lamp may be replaced by the tube devised by A. 
Wehnelt^^® which operates in the same maniuu*. The in(^aud(ss(H>iit 
cathode of this tube is a wire coated with a metallic oxide, and the anode 
is a hollow aluminium cylinder, concentric with the calJiodo, 

h. H. Brandes^®^ has found that it is very advantageous to insert an 
auxiliary battery or cell, E, about as shown in Fig. 341, f when using 

* TissoT^fl® describes a wave indicator using rarified air (as in tbo 55KirNi)KU tuIxO, 
which he found to be less sensitive but bettor adapted for incaBuring purpoHc^ft. 
t Di and D 2 are inductive coils. 
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these wave indicators. The sliding contact, SC, is adjusted until the 
detector is operating at the best point of its characteristic [see Art. 162a], 
thereby greatly increasing the sensitiveness as compared to operation 
without the auxiliary cell. This method has lately also been adopted by 
Tleming. 

c. This arrangement had in fact been proposed quite some time ago 
by De Forest in his so-called ^‘audion” detector. The audion, as first 
constructed, was in the main identical with Fleming’s construction, ex- 
cepting that De Forest made use of an auxiliary cell {E, Fig. 341) from 
the very first. 

\ 

I 



Another construction of De Forest’s “ audion, ^yhich seems to bo 
of j)articular exc(^lleiic,e is tliat shown diagrainmatically in Fig. 342. 
Hei-o F is the inotallic filament made incandescent by the current from 

battery, E[, N is a wire giid or network and P is a disc-shaped 
elec.trode. All Ibret^ t'l(U‘,trodcs are placed in an exhausted glass bulb. 

5. GENERAL CONSIDERATION OF DETECTORS 

162. The Nature of the Action in VariousDetectors. — a.H. Brandes^®’ 
has sliown that the action of very many wave indicators may be gener- 
alizes I unden* a single, common point of view. 

All these wave indicators have in common the fact that they do not 
follow Ohm’s law, so that their characteristic [Art. 113] instead of being a 
straight line, is an irrc(jnlar curve. 

This variation includes two cases, viz.: 

1. The curve is not symmetrical in the first and third quadrants 
(Fig. 343), i.G.j the current is not the same for any two potentials of equal 
am])lil.ude Init opposite sign. Hence, if the potential is that of analternat- 
ing current or oscillation, the resulting current is not the same in both 
direc t ions. Consequently the currents in two directions do not neu- 
iviilvm each other in their action upon a galvanometer which shows a 
dc^fiecliou without tho insertion of an auxiliary battery; likewise a tele- 
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phone in the circuit is caused to produce a click/^*’* The detector there- 
fore is said to be a “rectifier.^’ t 

2. The characteristic curve is symmetrical in the first and third 
quadrants (Fig. 344). 

In this case the oscillations will cause equal currents to flow in both 
directions, so that the detector, per se, does not act as a rectifier and a gal- 
vanometer in the circuit does not deflect. 

If now, however, the constant potential of an auxiliary cell is impressed 
across the poles of the .letector, an increase in the total e.m.f. due to the 
oscillations causes a certain increase in the current flowing through the 




detector; an equal decrease in the e.m.f. due to the oscillations, howevci-, 
does not produce an equal decrease in the current, becaiusc^ of Ibc^ (uirvjt- 
ture of the characteristic. Hence the effect of tlu^ oscillations is to c.hangc^ 
the galvanometer deflection or produce a click in the telephone; the d(^- 
tector mth a battery in series acts as a rectifier. 

The rectifying action has been shown l)y Rrandks to be grciiter (1) 
the steeper the characteristic is towai*d the axis of absc-issio at the point 
corresponding to the e.m.f. of the auxiliary cell, and (2) the sluirpcu* i(s 
curvature is at this point. Hence, in using this c.lass of dcd-cMdors, tlu^ 
auxiliary e.m.f. must be so chosen or adjusted as to permit of oi)era(.ioii 
at the most favorable point of the characteristic, f 

6. Many investigations of the characteristics and action of the various 
detectors have been made.”*’’® It has been shown that with inca.nd(^sc,(uit 
lamp, electrolytic and the various crystal and thermal (let(^(jt()rs ((car- 
borundum, perikon, graphite-galena, copper-molybdenito, anatasec, brook- 
ite) the characteristic assumes entirely different shapes upon rccvccrsal of 
the current. Thus, Fig. 345 shows the characteristic of tluc Iiighly scui- 

* This explains Ferrie’s observation of the fa(?t that tluc okuctrolytic. (htefcor 
acts as a wave indicator without the proseiu^o of a battery in tln^ eircniit;. 

t In some cases current passes in one direction only, the d(^t(!(',toi* a>(H<ing inon? or 
less as a valve. 

J The heating devices of detectors described in Art. 150c have a Hiniihir pur- 
pose; they are adjusted to give the tennperature at whicdi tJu^ charac.teristi(; will have 
its most favorable curvature. 
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sitivo pcrikon detector [Art. 160&] as obtained by the measurements of 

W. H. 

Ecoles also investigated the relation between the sensitiveness of 
various detectors and the value of the impressed auxiliary e.mi. and in 
almost all cases found that maximum sensitiveness corresponded to a 
ccu'tain value of the auxiliary e.m.f. in agreement with the conclusions of 
Buandbs. 

He also investigated the relation between the D.C. energy delivered 


by the detector to tlie telephone and the energy supplied to the detector by 
the oscillations and, in all cases coming under his observation,* he found 



Volt 


that the curve representing the rela- 
tion between D.C. energy delivered 
and the high frequency energy sup- 



lligh l^rcquonou li^narov 


Fi(i. 34 ,^. 


Fig. 340. 


])lied, is a st niiglii- lino wliicli does not quite pass through the common 
zero point (Eig. 34()). II(‘ne-e tliero is an initial ab(>v('. which the 

oscilliiling en(‘rgy must lie to produce useful D.(h eiu'rgy. The ratio of 
the D.Ch eiKM’gy to t he high IVcupicMuy eiKU'gy suppli(Ml, the efficiv/ncy of 
th(^ deieci-oi-, was round, under tli(‘ (conditions of the t(csts irnide by JOcclks, 
to 1)0 13 ])(M‘ c.(mt. for llu^ ('h'cl roly tie. det(^(ctor (s(Misitive electrode 0.000 
nun. thick, sulphuricc acid ('h'ctrolytc'), 0.3 pen* cent, for the carborundum 
{l(d(‘ei.or, 13 ])(‘r (*(‘nt. for the perikon (hdxMctor and about 3 per (iont. for 
graph it(c-ga hum, tbe iigun^s Ixdng iluc maximum obtained in eacdi case. 

Th(*s(^ bests are of ])a,rti(cuhir valu(‘, b(‘(ca,ns(^ tlie e.onditions (frequoiucy, 
(MK'rgy) encountered in Iho actual practicu^ of radio-tek^grapliy were iv- 
laiiK'd as (b)S(‘Iy tis possible, wliieli (^an by no means be stated of all the 
investigations whi(di hav(^ Ixuni ma(l(i in this fiedd of work. 

163. What do the Different Types of Detectors React Upon?^^^ — a. 
Assume tlnit ojily a .sv/vr/Zc oscillation (say a single discharge from a coii- 
d(uiser circuit-) acds iijx)!! a wave indi(^at()r. Tlicn: 

1. Tli(^ rc'atdioii of the Ihcrvial detectors, and to some extent also of 
nuu’cuiiy coIkuhh-s, (hqxmds upon the heat developed within them, i.c., 

ui)()u the current (effect 

* Irnii-miinairy, idcictrolylu*. dcU-Gc-tor, (■.arboruiuhiin, jxx’ikcm detetor, gruphito- 
gtikxia. 
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2. For magnetic detectors, the amplitude (or the maximum amplitude 
[Arts. 66c and 61c]) of the current, 7o (or I max) is probably the determining 
factor. 

3. For rectifying detectors, the quantity of electricity passing in one 
direction in excess over that quantity passing through the detector in the 
other should be the determining factor. This excess quantity depends 
not only upon the amplitude of the potential occurring between the poh^s 
of the detector, but also upon the damping. Where the rectifying action 
is complete so that the resultant flow of current is unidirectional, this 

quantity is approximately* = • lo, hence like the current effect, it 

varies as but it varies as 7o, not as 7o^.t 

With the metallic coherers, a certain minimum potential difforonco be- 
tween the electrodes must exist to produce a reaction. How(W(M’, in ordo.v 
to cause a la 7 ^ge change in the resistance, as is required in practice, a c(n*(-ain 
current effect must be reached. In this respect, therefore, the (^oIieiHu* 
is not unlike the thermal detectors, for its action also (l( 4 )cuuls ui)on tlie 
decrement of the oscillations as well as upon the amplitude. 

6. Assume that a very rapid sequence of oscillations (c.r/,, undaini^x'd 
oscillations or damped oscillations of very high discharge freqiien(!y acts 
upon the detector. Then there are two possible cases, viz., 

1. The effect upon the wave indicator is determined entirely or almost 
entirely by the first oscillation. The oscillations which follow do not 
materially aid the action. This is the case, e,g., with the colun-tu- ami 
with Maeconi^s magnetic detector. 

2. The effect upon the wave indicator is the sum of the (^ffeci s of th(^ 
successive oscillations in the series. This undoubtedly is the cas(^ with 
the thermal detectors, the magnetic detectors of the Waltok type^ [Art. 
154], to a certain extent also with the electrolytic dtd.ectors of the 
ScHLOMiLCH type and in general, with all those, to which Art. 1()2 applicss. 

In considering this question, however, it is important to distinguish 
sharply between the effect upon the detector and that upon the a’e(^(uving 
apparatus. If, e.g,, the discharge frequency is increased, while the 
amplitude and damping remain constant, there is no doul)t that the 
effect upon a thermal detector, in other words, that the direc^t curnmt 
delivered by it will also increase, other things being equal. N( worth eh^ss 
the intensity in the receiving telephone [see Art. 165] may de(U‘(^ase with 
the increased discharge frequency. The amplitude of the oscillations of 

* The exact value is • rp — *4:, 
ttAT 1 — e " 

t It seems that the action of certain detectors, which are generally considered 
as perfect rectifiers, depends upon the current effect. If that is the cas(^, thou theso 
detectors can not be pure rectifiers, 
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the telephone diaphragm, depends not only upon the amplitude of the 
D.G. impulses but also upon their variation with time and upon the 
length of the intervals between them; if these intervals become too short 
the amplitude of the telephone diaphragm’s motion may decrease. 

c. If the individual oscillations follow one after the other with rela- 
tive dowmss {e.g.j damped oscillations produced by means of a resonance 
transformer) then not only the wave indicator, but also the method of 
reception will determine whether or not the effects of the individual 
oscillations are summed up. Thus when receiving with a telephone only 
the effect of a single oscillation comes into question, whereas with a 
siphon rcHiorder [Art. lG7a] or similar devices the result is a summation of 
the individual effects. 

164. Testing the Sensitiveness of Detectors.-^^ — A general statement 
as to the relative se?mtiveness of two detectors is often impossible when the 
det(H!tors are of a different typo. 

a. The ratio moreover may vary as the character of the oscillations 
used for tlu^ t(^st varies; thus it may be diff(n*ent for undamped than for 
damped oscnl hit ions, and, again, with damped oscillations it will depend 
upon the amplitude, the decrement and the disciharge^ frequency. At 
tw('.nty dischargers per seerond, a good coherer will rcM'eive at j)ractically 
tlur same ranger as atlu'rmal detercte)!', but at 1000 diseOiarge'S pen* sereemel, 
with ther same transmit (e^el ene*rgy and a ce)rre‘spe)neling deurrevise^ in ampli- 
tude, the ranger of the the'rmal deteerten- will be e)veu* fiver timers Unit of 
ther erolierrer (Coun"'!’ Auco"’”). 

llemerer wheM’e* it is eU'sirerd te) derten’inine whie'h of two derterc^t ors is the 
most sernsitiver for servierer fre)m a. givem statie)n, il is advisabler to lert a 
ele)se‘d e)scillating eireiiit whe)ser oscillations haver just ahe)ut the same 
timer variation anel eliseluirge freHiuenery as ther wa-ve^s e)r the station in 
(lue'stion, a-e*t upe)n the ele‘teerte)rs. Tlur alternative nu'thexl e)f using any 
of ther so-eralh'el statie)n te'ste'rs e)r, perhaps, as is freeiuerntly de)ner, e)f using 
an inte'rrnpterel direx^t emrrernt to aert upon the detectors, can only give 
very querstionahler rersults. 

b. Differernt a.rra.ngeMnernt e)f the rerce'iving e-ireruits may also greatly 
affex't the rerlative seiisitivemess of two deteerte>rs. Thus, the result, s may 
differr if the detecte)rs are ce)niiected to a werakly dam])eel receiving con- 
dernserr erircuit as eoinpareel to inserting them in a closed (aperiodic) cir- 
cuit [sere Art. 175 ct scq.], 

c. Finally tlic reereriving api)aratus itself may greatly influence the 
rerlative seriisitiveness and hence tlie attainable range. Thus telepliono 
rerception may give quite different results than a recording receiver involv- 
ing ilio user of a relay. 

All these factors must be carefully considered in comparing detectors 
as to their sensitiveness. 
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6. RECEIVING APPARATUS 


166. Telephone Reception. — The receiving apparatus assumes its 
simplest forms with those wave indicators which are solf-rcstoriiig ii]M)n 
cessation of the oscillations or which at least are able to iiumodiately 
indicate a new oscillation (including all wave indicators with the exc(^j)- 
tion of the metallic coherer). With these a telephone can be used as the 
receiver, 

a. The simplest method of connection for wave indicators without an 
auxiliary cell, is shown diagrammatically in Fig. 347* and for wave indi- 
cators with an auxiliary cell, in Fig. 348. f In these J 
is the wave indicator, T the telephone, E the auxiliary 
cell and L the receiving circuit containing J. 

A telephone thus connected when held to the ear 
produces a clicking sound at each discharge of the trans- 
mitter, if the discharge frequency is low. If this fre- 
quency is high, either a pure tone is heard in the tele- 
phone in which case the discharge frequency is regular 
and within the range of audibility, or otherwise a 
buzzing discordant sound is heard. 

The letter ^^a’^ ( in the Morse code) is heard in 

the telephone as a short (dot) click, buzz or tone followed 
by a longer sound (dash) of the same character. Tele- 
grams can therefore be received by means of 
the ear, just as with the sounders or buzzers 
used in wire telegraphy. 

b. For wave mdicators with an auxiliary cell 
the arrangement requires a slight modification. 

Firstly, it is advantageous to impress the 
particular e.m.f. at which the indicator is 
most sensitive [Art. lt)2a]. To adjust for 
this, a high resistance, AB (Fig. 349), is con- 
nected across the terminals of the cell which 
should have a relatively high e.m.f., and is 
provided with a sliding contact, K,t Then any desired voltage^ up to 
that of the ceU, Ej can be obtained between K and B and hence across 
the terminals of the wave indicator, J. 

Furthermore, the connections of Fig. 348 would have the disadvantage 
of causing the oscillation currents in the circuit L to partly branch off 




Fiu. 347. 


Fkj. 31S. 


* The receiving circuit, L, must of course form a complete closed cirtmit. If 
the telephone is connected in parallel to the wave indi(;ator, then the circuit L nnist 
have a condenser (block condenser [Art. 41d]) in it, in order to prevent the dirtuvb 
current of the wave indicator from flowing into it. 
t But see b. 

t This is simply a “potentiometer” connection. 
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into the teleplionc circuit (Fiji;. 348) so that only a part would pass 
through the wave indicator. To prevent this two choke coils, Di and 
in Fig. 340, are inserted at the junction points to block the path of the 
oscillations through tlie telephone circuit [Art. 416]. 



I 

z\ 


Vui. ait). 

166. Amplification of the Sound in Telephone Reception. — Two 
(l(‘vi('('s which h:iv(' Ix'cn su(‘C(‘ssriil]y uscxl foi- intc'iisifying tlu^ sound 
pro(liic(‘(l in (lu* r(‘C('iving t(‘!(‘phone, nre tc'U^phoiu^ relay of S. (1. 
Huuwk and (Ik^ so-calh'd “sound iiitensiher’^ of the TnuuKUNK^N C'O. 




In both apparatus, the dcitector current first acts upon a kind of micro- 
phonci and tlio microphone current then flows through the t(4ophonc. 

a. Th(^ Bnmn tdeplume is illustrfited in Figs. 350 and 

351, the latter showing the connections, N and B arc the poles of a 
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horseshoe magnet, on which two soft iron cores whose windings arc marked 
K and H rest. P is a steel tongue carrying a small osmium-iridium 
plate 0, which lightly touches a contact point M also consisting of an 
osmium-iridium alloy. C is a dry cell whose circuit contains the contact 
OM, the winding K and the telephone T. The current, whose effect 
upon the telephone is to be amplified, is sent thi’ough the winding //. 
This causes the steel tongpe, P, which takes the place of the telephono 
diaphragm to vibrate, the reby alter nately strengthening and weakening 
the current in the circuit COMKT in unison with the oscillations, with 
the result that a materially stronger effect is produced upon the telephone, 
T, than if the cun-ent in JI were sent dhect through T. 

Tests made by the British Admiralty and Post Office Departments 
indicated that this telephone relay doubled the range. Messages whoso 
existence could not be discovered with the ordinary telephone apparatus 



Fio. 352. 


were easily received with the Brown relay. During tests made bel.w('(>n 
the Clifden and Poole stations in Ireland, by using two I'elays coniKicti'd 
in series it was possible to clearly hoar messages 2 m. away from, tlio 
receiver, while in the ordinary receiver without relay the same message 
could just be discerned as a slight noise. 

^ h. In the Telefunleen Tone Intensifier”^ which is adapted only for use 
with a tone transmitter, the detector current is conducted to a small 
electromagnet (Ti, Pig. 352) having a lai-ge number of turns. In tho. 
field of the magnet there is a small armature Ai, whoso natui'al frequem^y 
of vibration corresponds to the frequency of the detector current and 
hence to the^ tone of the transmitter. This resonant ai-mature pi-esses 
against a mici’ophone contact, Mi, which is in the circuit of a local 
battery, Ei. This circuit also contains an electromagnet, Ta, constructed 
identicaUy as Ti. The current flowing through Ta pulsates at the same 
frequency as the detector current flowing through Ti, but has a much 
greater amphtude. Hence the armature, Aa, which is identical with Ai, 
vibrates more violently than Ai, so that the pulsations in circuit JJ, which 
contains the microphone contact, Jlif 2 ,local battery, Pa, and electromagnet, 
Tsj bbeome still greater than in circuit I, Armature Aa and microphone 
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contac',t. il/;{ t.hon produtu^ anoiJior iiu^j-oaso in tho pulsations. This thro(^- 
fold ainiilificalion is sufllc/iont t.o produce a current of about 10“*-* amp. in 
(urcuiit ///, which coiitiiins tlu^ receiving teleplione, when the detector 
ciirnuit is only from to 10~^ amp. 





Viih 353. 

In conjunction with the intensifier it is customary to use a special 
loud-speaking telephone {LT^ Fig. 352), having an acoustic resonator at 
tho opening of its mouthpiece, the resonator being tuned to the tone of the 
transmitter, thus causing a furtln^r amplification. 
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This extensive application of inochanical 
and acoustic resonance together with tlie 
microphone amplification results in a very 
marked increase in the sound intensity. Fig. 
353 shows the construction of this sound in- 
tensifier, which has found a place in many 
stations. 

167. Automatic Recording of Messages. — 

With certain detectors (c.g., thermal detec- 
tors, Lodge and Muirhead^s mercury 
coherer) the receiving telephone can be re- 
placed by a well damped galvanometer. If 
connected in series with the wave indicator 
and a battery, the galvanometer deflects and, 
as soon as the oscillations cease, returns to 
its zero position. This makes a tliret;t record- 
Fia. 354. ing of telegrams possible in various ways. 

Lodge and Mtjirhead^s method* as applied to their mercury 




1 






L_r\ 


Fig. 355. 


coherers is as follows (Fig. 354). f A pen 
movable coil, 8 , of a galvanometer and 
touches a paper strip or tape which is 
moved by clockwork, as in the ordinary 
Morse recorder. As the galvanometer coil 
rotates the pen or pencil is moved perpen- 
dicularly to the direction of motion of the 
paper. 

As long as the wave' indicator is not 
subjected to oscillations, the galvanometer 
coil remains stationary and the record is 
simply a continuous straight line (a to 6 in 
Fig. 355). A brief excitation of the wave 
indicator — i.e., a Morse dot — produces the 
effect shown at b in Fig. 355, while a dash 
appears as shown at c-d. 

b. Later the movable coil galvanometer 
used by Lodge and Muirhbad was re- 
placed by the much more sensitive and 


or pencil is attached to Ihe 



Fia. 350. 


* The complete outfit is frequently called ^^Si'phon recorder P 
t Jlf is the horseshoe magnet of the movable coil galvanometer. 
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li'ss Rlii^sh EiNTirovwjsr string gnlviiuuiuntor luid n j)hotogriiphic recoi’d 
uf thn nu^rtsngn nni<l(\ 

Tlu) lOriNTTiiovioisr string gnlvanonu^tnr (Enn o5())^'' n.s is w(^ll kiiowji, 
(consists oi' a fhu^ wirn (Wollaston wiro, liiu^ mental stri]) or conductivo 
(piartz lihor), vvliinli is stn^tc.lind in tlio gap Ix'twiMni tlio pol(^s of a inagiirt 
j)(n*p(nidicularly to tho niagnotio flux liiu's (botwoini and il/'iii Eig. 35()). 
IF curront is passed through tins win^, the latter will Ix^ dis])la(‘(xl From its 
normal position in a diraotioii pcirptuidicular to its axis ami to the mag- 
iictici flux lilH^S. 

The wire mov(\s in front of a narrow illuminated slit 
(Fig. 357). A i)hotographi(! re})r(xlu(^iIon of th(^ slit and wire 
on a scuisitive film j)a.ssing p(M-pendicula.rly a, cross 1-he slit, 
app(‘aTS, on the ix^ga, lives as a hroa-d dark l>a.nd, with a- 
fine light line (IIk* win^ through ils c(‘nl('r. If, h()W(*v('r, the p,(}. {\r)7. 
wire is disj)lac(xl from its normal }x>silion, (irsi. For a. bi'ie'f 
instant, and Hkmi for a som(nvha,t longen* duration, llu^ photographic 
r(‘cord will apjx'ar as a, lighi- liiu* simihir (o llu^ liix^ of .Fig. 355, /.c., the 
chara(*t(‘risf ic dot. and dash. 

A (*ompl(‘l(* photographic. r(X‘ord('i’‘'^'' is illnstratcxl in Jdg. 35S.t At 
1h(‘ l(‘f|. is the* galva.nom('l(*r, whose* wire* and slit are* illuminate*el by a 
sma.ll incanele*se*e‘nt lamp (e)f whie*h the* [)liig a,nd tle*xil)le* lead are visible*). 




Flea 3r)S. 


The mie*ro-pliotogra,phic, lems is plaex'el in the med.al tube, at the right is 
the camera ami in back of this is the case in which tlui strip of sensitive 

* The^ cut- is tfikexi from a catalogue* of Phof. Fdwlmann A; Hon (Munieili) who mako 
this auel also more inoeleu’u typew e)f galvsniomoteir. The) linn of 10. JluTiP’' makers 
still ane)fclmr (X)nstruestion e>f the^ instruiricuL 

t Constructie>n e)f the 0. IjOUI-jnz (k). Other roceuviiig apparatus of the same kiuel 
are constructeel along very similar linos. 
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film which is moved by clockwork, is developed mid fixed. It lias already 
been mentioned that Marconi also uses the Eintjiovkn string galvan- 
ometer in his transatlantic stations [Aa't. 161a]. 


I 

Zj 



Fig. 359. 


c. In place of a galvanometer, a relay Fip;. 359) wbicli oikmir 

and closes the circuit of a Moi^se recorder, M, and local battcMy, 
(Fig. 359),* can be used. 





Fig. 300, 

The construction of a polarized relay which is customarily used for 
this purpose, is no doubt evident from the diagram of Fig. 300 (a, view 
from above; 6, view from side), ilf is a permanent steel magnet, with one 

* In regard to the resistance, w, in Fig, 359, see Art. 1686. The choice coils, which 
here also are inserted to protect the relay from the oscillations in the main circuit, 
L, have been omitted in the diagram. 
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pf)]o at the olhei* at, 7>\ On th(^ hitter arc pla(HHl tlie iron eoros, B\B»j 
oC the coils, Si and >S'o, which are in circuit with tlie wave indicator and a 
battery throup;h the leads U is a movable armature which makes 
contact witli U\ closing and opening the circuit i which, in addition to the 
Morsm rec^order (ii/, ]<'ig. 359) (ioutains a battery of one or more colls. 

A rtday of this kind is quite sensitive. Thus the Telefunkkn-^® 
relays of this typ(^ were stated to respond positively when operated with 
1.4 volts and a seri('s rc^sistance of 100,000 ohms. So high a degree of 
sensitiveness is attainal)le only if the adjustments for the distance BiB^ 
and the (contacts U\U» are particmlaiiy line. Furthermore, the armature 
IJ must bc! bahinc(Ml with ex(uq)- 
tional (^are to prev<‘nt int('rf('r(Mi(H^ 
from outside disturbances or from 
tli(^ rolling of the ship when used at 
S(’a. 

The TEiiEKiiNKUN’ ('o. formerly 
usc'd a inatjnrtic i)\\ ils 

rc'lays. lly turning a ])i(M',(^ of soft 
iron mount(Ml on tlu^ casing of tlu^ 
r(‘hiy, the magiu'tic, tnid within was 
varical, thus providing th<^ (h'sirc'd 
r(‘gulation. This, m()re()V(‘r, iia,s (he 
advantag{^ of (mtirc'ly (mclosing tlu^ 
niay in its casing, so tha-t its otlua* 
adjust numts n'lnain lix('d once^ and 
for all. Tli(' ('xt(‘rnal ap])('ara.nce of ila^ n'hiy is shown in J'lg. 301.“'^'’’ 

''riu' reason for not simi)ly insc'rting the Mouse a,ppanitus dir(M*(ly 
in t h(' saim^ circuit as tlie n'lay is as follows: ( )n the om^ hand, i he ])oten- 
tiat existing across lh(‘ ti’rmimils of any of tlu' usual wa,v(^ indi{^a.tors in 
tlu'ir un(‘xcit<‘d condition is limittMl to a, c.(M*tain ma,ximum value, above 
wlu(^li (at most 2 volts, usually much l(\ss) it must not Ix^ p(u*mitted to 
rise. On tlu', otlaa* luind, only V(M‘y small currents (usually <x)nsi<leral)ly 
l)(‘l()w } fooo amp.) can be iillowcxl to How through the majority of detec- 
tors during (excitation without harming them. This c,oml)ination of very 
low voltag(‘. with veny small (iurrent is generally suflicient to operate a 
sensitives reday but not a Mouse rcscorder. 

(L Home d(st(s(!toi-s in facst can not stand a current sufficient to operate 
a s(msitlv(^ polarized nhiy. Ilenc.e, wlien it was desired to automatically 
rec.ord telegrams with siudi a (hd-ector, it was formcu'ly necessary to 
employ a photographi(j nudhod with the aid of a galvanometer. With the 
sound intensifier of the Telei^unken C’-o., however, as long as the essen- 
tifil roquirenumts of constant and sufficiently high discharge frequency in 
the transmitter (‘Hone transmitter '0 filled, it is possible to use the 

more convenient Mouse recorder. 
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The connections-^’'* for this purpose are sketched in Pig. 362. The 
microphone current of the third amplifier {III in Fig. 352) consisting of 
D.C. with superimposed A.C., instead of being led directly to the loud- 
speaking telephone (LT, Fig. 352), is sent through a small transformer, 
TF (Fig. 362), by way of the throw-over switch, U, A pure alternating 
e.m.f. is induced in the transformer secondary. In the secondary cir- 
cuit, however, is a rectifier, 7, so that current flows through it and 



through the relay, iZ, in 07 ie direction only. This unidirectional current, 
however, is strong enough to actuate the polarized relay. 

168. Recording Apparatus for the Metallic Granular Coherer. — The 
recording devices described in what has preceded, suffice for wave indi- 
cators which are self-restoring, but not for the metallic gj’anular colunvr. 
The latter, if connected with one of these devices, would bec.omo (jondin*- 
tive at the first oscillation and remain so indefinitely; the replay in (drc,iiit 
with the coherer would then remain closed and the record would be a 
continuous straight line. 



a. Hence, it is absolutely necessary to have a so-called “tai^per^' to 
restore the coherer to its normal condition after each oscillation or wave 
train. As is evident from the diagram of Fig. 363, the construction of the 
tapper is simply that of the ordinary electric bell or buzzer. 

In the method of connection shown in Fig. 364,* which represents a 
standard coherer receiving outfit, current fiows through the cohcrc^r 
immediately before it is tapped. As soon as the tapper strikes the 

*EiE2 are galvanic cells, K is the tapper, R the relay, UUi the ''make and break ’' 
contact of the relay, M the Moesb recorder, TTa bell or sounder. P is a throw over 
switch for cutting in either the Morse recorder, ikf, or the sounder, W, 


DBTlilCTOR^ 


299 


(^ohoro.r, this curront is intoiTiipt<Hl within the coherer. In spite of all 
precautions [m(H) 6], this will b(i accoinpaniiHl by minute sparking which 
causes deterioration of the granules; this tends to prevent easy restora-- 
tion of the coherer and to I'cduci^ its life or duration of usefulness. To 
nu'.et this difliiuilty, tli(^ Tjolefuistickk Ch). and otheu's arranged the 
i,apper so as to open ihe coherer (urcaiit just bc'foro striking the coherer, 
so that the tapping always occui's at zero current. 

&. In the method of (M)nne(^tion shown in 3<'ig. 304 there are three 
]ilaces where circuiits (containing coils wound on iron cores, i.e,^ having 
high self-induction, are opened. Hence, quit (i liigh potentials arise and 



1 

I 

sparks occnir at the points of inti'miption. This may lu'sult in tlu' forma- 
tion of (‘lec.tromagn(‘ti(c wave's which a,c,t u|)<)n tluc wav(c indicator. ]^iit 
ev(m if this (hx's not oeccur, the inb'rruption of (he n'hitiv(*ly la,rge cur- 
rents may indinccc an e.m.f. in the (jircuit of (he wave indic-ator, suflitjient (o 
cause (he hitter to n'spond to it. 

This difliculty is usuaJly avoidexl or minimizexl by phucing in paralh'l 
with the bn'ak in the (circniit and with (he iron-c.ore windings, noi\r- 
inductive rcMHlancvH [as, (c.r/., w in Ifig. 359] of suit^able ohmic value or 
polarized C(41s (c.f/., two plathuun wii’c^s as (dcxctrodc^s in diluted sulphuric 
a(dd), or also coiukmsers of propcir size, sometimes in conjunction with 
non-inductive resistaiic,es. 

169* Call Signals, — When it is desircsd to transmit a message instantly 
and perhaps to obtain an immediate reply (as in military work), it is 
(essential to have some mcithod of ctilling the rciceiving station. This is 
also of great importance when ships at sea are in danger. Otherwise, for 
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ordinary radio-traffic, a call signal is not absolutely osscniial. More- 
over there are recording receivers so arranged that their ckxdvwoi’k is 
automatically started when a tdegrain arrives and stops as soon tis the 
telegram is completed.* . 

a. Where a relay is provided to operate the Morse recorder, it is com- 
paratively a simple matter to connect an electric bell {W in Fig. 304) as 
a call signal. 

b. However, when the use of a relay is objectionable or undesirable 
in view of its added complication to the equipment, so tliat a simple 
telephone receiver is used, the problem is somewhat different. Tiie 
Telbfunken Co, has found a simple solution for it-^^ as follows: A 
moving coil galvanometer of high sensitiveness,! whose coil and tlio 
pointer connected thereto are very sluggish j is placed in the detector cir- 
cuit, When the pointer deflects up to a certain angle, it runs into a 
contact wheel which is turned by a small clockwork and which holds tlio 
pointer fixed. This closes a circuit containing the call bell and a batteny, 
so that the bell rings until the operator at the receiving statioji breaks 
the contact. The sluggish motion of the movable coil and pointer mak(*s 
it necessary for the transmitting station to send out a long <lash lasting 
say 10-12 seconds, during which time the transmitter eontinu(\s to scmhI 
out waves having a cumulative action upon the galvanoiiK'lei-. 'This 
prevents atmospheric disturbances of short duration from actuating the 
call signal and unnecessarily calling the station operators to the rcM'cMvcn*. 

170. Comparison of the Different Kinds of Detectors. — a. The main 
points to be considered in determining the practical usefulness of various 
detectors are as follows; 

1. Sensitiveness. 

2. Reliability in operation. 

3,. Simplicity in operation. 

4. Simplicity of the necessary auxiliary apparatus. 

5. Possibility of using a call signal. 

6« Possibility of using a recording receiver. 

7. Rapidity of telegraphing attainable. 

6. As to the sensitiveness^ a practical consideration of particular 
importance is whether the action of a seiies or sequence of successive 
waves (wave trains) is cumulative or not [Art. 163]. 

This is not the case with the metallic granular coherer. As it is (uis- 
tomary in modern practice to work with a relatively high discharg('. fre- 
quency and relatively low energy per discharge, this alone has bexm 
sufficient to displace the coherer from practical use.f 

* The use of such automatic recorders is greatly limited in wireless telegraphy, as 
atmospheric disturbances constantly actuate the clockwork. 

1 1 scale division = 10"*^ amp. 

t Except in certain special cases [e]. 
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c. To this, however, is added another undesirable property of the 
colierer. It seems that with the carbon and graphite coherers, as well as 
with the metallic granular coherers, the reliability or certainty of operation 
])(H',oincs greatly reduced as the sensitiveness is increased, a change which 
is not nearly so marked in other wave indicators. Operators have 
always suffered from the capriciousness, one might say, of any very 
sensitive coherers. 

High is of practic,al value only when combined with suffi- 

cient relMyilUy in operaiion. Little can be stated on this subject as to 
the various wave indicators, as this depends not merely upon the par- 
ticular iy\)c. of indicator, but to a grciit extent upon the care taken in 
the constriK^tion of tlu^ individual indicator. 

Non-.^cn}iitivcncsii to nuM^lianical jarrimj and above all to momentary 
overhadimj causcul by atinospIuMh^ disturbances or the proximity of a 
powerful trM.nsmitt(*r is (‘ssc'iiiial lo rc'liability. Accordingly, wave in- 
dicators having a point (tontacl-, as, vaj., c(‘r|.ain of the thermal dete(;t- 
ors, are da,ngerous in both n^sjHMd.s, vvliih^ ('hudrolytic detectors like 
tliat ol ScMiLOMiLCii iir(^ non-si'iisitive to jarring, but v(*ry s('nsitive to 
ovcM’loading. 

d. Opcn///e//.issiinj)l(‘sl willi thos(ule((Mi.(>rs whic^h, wluMioiK^eadjustiMl, 
r(‘(iuii‘(' no lurlluM* rc'gulalion (sonu^ of the crystal d(d.('(d.ors, magiu'tic 
d(‘({‘clors, incand(‘sc(Md lamp dcd-cM^tors). Wave indicators, wliosc sen- 
sit iv(Mi('ss (h'pcMids hirg(‘ly ii|)on tlu^ ])r('ssur(^ at tlu^ i)oint of contact, are 
apt to rcMiuirc^ frc'cpK'nt n\‘idjustment.=‘‘ J^'or tliis skilled operators are 
iKM'dcd and it is ofbm the caus(^ of ])oor S(‘rvic(‘. 

As to lh(‘ handling of the nMuaving appai’atvis, the us(^ of a polarized 
nday involv('S (‘onsid(‘raJ)l(^ skill and (^are in making the adjustnumt and 
n*adjust.m(Mits. In this n'Sjxad; tlu'. pliotographic j*e(iording re(unv(M*s 
ha-v(^ th(‘ advantage'; but with tlu'se, the string of the hlmTJiovKN galvan- 
onu'te'rs reepiiiH's ('(pially carc'ful adjust-numts. 

(\ As to .siinplicilji of tlie rec-eaving ap])a,ratus, it is evident that 
r('C('iv(*rs involving any moving parts oi)erat('d by clockwork are at an 
inlK'H'nt disadvantage. Maiuioni's magnet ic detector has the additional 
disadvantage of ot'cujjying a larger amount of spae^e, which however is not 
so important in larger hind stations. 

Th(^ ]uiml)er of necessary ai)paratus, howewer, aside from the case of 
tlu^ coluireu’, which is disadvantageous from this viewpoint also, depends 
not so mu(‘.h upon the type of wav(i indicator as upon the object in view. 
If only telephonic reception is desired, the apparatus becomes as simple 
as possil)li^, bjiit recording the mc^ssagos and using a call signal always 

* TIk'. fac.t tliat n^adjiistiucnt for iiiaxiuium sonmtivoncss is poasihle with thoso 
wave imlic.iitors coinpriHoa an advantage from another point of view. For thoso 
indicators in which such readjustment is impossible may become worthless after a 
suflieieutly seveiH^ atmospheric disturbance. 
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complicates the receiving apparatus, no matter what kind of a wave 
indicator is used. 

The great simplicity and sensitiveness of the telephone receiver explains 
why this has become the rule, the recording receiver the exception, evcni 
though the latter has certain decided advantages. The sensitive n(\ss 
and reliability of telephonic reception is largely dependent upon psy (bio- 
logical factors in the operator and is easily interfered with by external 
noises the reliability of a recording receiver depends only upon 11 
excellence of the apparatus and it always furnishes a positive document of 
the received message. 

/. Formerly the possibility of applying a call signal and a recorder drew 
sharp lines between the various wave indicators. This distinction, how- 
ever, has gradually disappeared. The method of calling [Art. IGD] intro- 
duced by the Telefxjnken Co. seems to be adaptable to nearly all wavc^ 
indicators of practical value. And as to recording received message^s, 
there appear to be two methods applicable to all wave indicators, eitluu* 
by means of an Einthovek galvanometer (photographic recording) or 
by means of the Telefunkbn sound intensifier, which latter, howc^ver, 
presupposes tone transmission. 

g. All the various wave indicators and recording devi(^es are capnbli^ 
of responding to the speed of telegraphing obtainable by 7riamial oixa-ation 
of the transmitting key or relay key. With the high speeds ai taiiu'd liy 
means of automatic keys and rapid telegraph devices [Art. 117c], the u.si^ 
of the metallic granular coherer, which involves tlie setting into opc'raiion 
of a series of mechanical apparatus is of course out of tlic quest ion. So 
far as the author knows, the limit of permissible speed in transmission lias 
not been reached with any of the other wave indicators usckI in practice. 

However, the limitation in the permissible speed of transmission is 
encountered in the recording receivers, particularly in the FiNTiiovioisr 
galvanometer (photographic) method, which seems to havc^ rc\spon(l(*<l 
to the highest speedsf used. 

* On airships, aeroplanes, cte., the attendant noiscjs make tek^plioiu^ riMM'plhiii 
very difficult. For this reason the coherer has boon rotiirnod to in soino instaiH^t'H, 
in conjunction with a relay controlling the circuit of a small iiuuuidcwuuit lamp. 
Kelatively short and longer periods of incandesccnco in tho lamp r(}pr(\s(mt dol,s ami 
dashes.278 However, telephone reception has also been used with considerable hu(i» 
cess on flying machines. 

fThe rapid telegraph apparatus of P. 0. Pedeiiskn, operating bcdiwei^n th(^ 
PouLsEN stations at Lyngby and Esbjerg, is said to have attained a spcjod of 300 
words per min.; the normal speed of the Poulskn stations is given as 150 words p(n* 
min. (The Ctjllebcoats station transmits 200 words per min. over a distaiKui of 
800 km.) A speed of 100 words per min. has been achieved with Makconi apparatus ; 
the transatlantic Marconi stations are said to operate at '‘qiielques dizainos^* 
words per minute. 
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171. The Aerials at the Receiving Stations. — Tho waves sent out by a 
i.raiisniit.UT result in an elcM^troinagneih} altornai.ing field, which may be a 
rotating field, at the location of tlu^ nuuuvi'T. C\)nse(iuently if a conduc- 
tor is plac(‘d within this field osi^illaiions are geiu'rated in it. 

Tho condiudor for this i)uri)os(^ is the antenna, which also serves for 
transmitting, a complete station Ixing equippi^d for l)oth sending and 
rcHHUving, just as in ordinary wire ti^h'graphy. Usindly a throw-ovi'r 
switch is provided for connecting the lU'rinl eitluM’to the transmitter or 
to tho receiver, as may be ih'siri'd; othta-wisi^, it is arranged that the r('- 
ceiv(‘r is a-ut-oinatically connected to the aerial whenever the station is 
not transmit ting.“^^^ 

]<\)llowing a, sugg(‘stion of O. Sqiitmu,“^^ IrecH havi‘ Ix'en successfully 
used as reciMving aiM'ials foi' dislainx's of about- 50 km. nut-hod is t-o 

hamnu'r a- nail into tlu' tnu* a h'w yiirds above' tiu' ground and to coiineet. 
llu' receiving ap])aratus Ix'twei'n the nail and tlu' ground. 


\ 




\ 


lion. 



As to the direction of the aiaaal, it is advantageous t.o have this tho 
sa.me us t-lu^ direit-ion in which tho elec(-rii^ field has its greatest ampli- 
tude. This depends upon the ground on which tlie station stands. In 
the one limiting casi'. (nanuty, si'a water), in whiiti the field of the trans- 
initt(ul wavers is a vcn’liiail altiernating field (according to Art. 138), a 
vertical aerial is by far the l)est. In the other limiting case, with tho 
station standing on dry ground, the direction in which the amplitude of 
tho oh^ctric field is a maximum is apt to be at a considerable angle to tho 
vertical (Art. 139, ot mji); hence an aerial inclined in tho direction shown 

303 
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in Fig, 365 (arrow indicates direction of wave propagation) is materially 
more efficient than a vertical aerial or one inclined as that of Fig. 366.* 

172. General Consideration of the Receiving System. — a. The elot;- 
tric field surrounding the receiving antenna produces an e.m.f., 8, along 
its length. This e.m.f. 

S = . OL2h% = Eli\ (1) 

where E is the component of the transmitted field strength in the dire(‘.tion 
of the aerial, hz the total and h ' 2 the effective height of the aerial, ^2 being 
its form factor [Art. 100c]. 

Consequently this e.m.f. for a given field, i.c., for the same transmitter, 
increases as the height and the form factor of the antenna are incu’oased. 
In this respect, therefore, great height and largeform factor offer the same 
advantages as for transmission; moreover, antenn® which radiate freedy 
are also advantageous for reception in this respect. 

6. However, from another standpoint high radiation is a disaclvantag(^ 
for reception; for, as soon as the receiving antenna begins to oscdllaie it 
radiates energy at a rate which increases as the radiation r(ssista.iic(i 
increases. This radiated energy is lost to the receiver, which can make 
use only of such energy as is carried over to the detector. 

The conditions existing in the receiving antenna arc similar to those 
in any oscillator acted upon by an external e.m.f. [Arts. 56 and 67]. If 
the oscillator is tuned to the frequency of the external e.m.f. — whicli is th(^ 
only case we need consider in practice — ^it will oscillate at its naiui’al fr(‘- 
quency, the amplitude of the oscillations growing constantly until ihc 
point is reached where the energy consumed in the receiver during oik^ 
period = the energy supplied to it by the external e.m.f. (the transmitt(‘r) 
during the same period. Hence the maximum amplitude decreases as 
the energy consumption increases and therefore also as the radiation 
resistance of the antenna is increased. 

With undamped oscillations [Art. 676] the current I 2 in the receiver is 
given by 



i ?2 being the total resistance of the receiving antenna. Consequently the 
heat developed in a detector of resistance Rd (or in a detector circuit 
[Art. 175] of equivalent resistance Rd [Art. 55c]) is 

Rd . = 2{Ra + R'^) ■ 

* Assuming the same constants as those on which Fig. 303 (page 254) is basc^l, 
the aerial of Fig. 365, if brought to a vertical position would reduce the amplitudes 
by 18 per cent, and if brought to the position of Fig. 366 would cause a reduction of 
about 66 per cent, (see the inclined aerials discussed in Art. 205). 



RECEIVEnS 


305 


(7?'2 == effective reHistiinco of the antenna without the detector). If the 
transmitted oscillations are damped (decrement = di) it follows from 

Art. 70, by substituting [Art. Sd] for d^ therein, that 


Rd . 


Rd f 

{Rd + R'^y ' 4 A 



Now let us assume that the receiving ^^-(Mma is so w(^ll coiivStructod 
that tlie (Jouligan) luvit loss in its win^s and in the ground is negligible 
(iompared to the radiation lossc's. Then R '2 = 7iv. 

Moreover, let the d(^t(^ctor rc^sistance ho. at its hcdvalmjix., the value 
at which tlio heat dev(*loj)cd within tlu^ dc^tector and hence also tha range 
are at their niaxinnwi. With undainpcMl osc-illations this value is R/o] 
with damj)ed oscillations it would be wluu’c^ r is somewhere betwecui 
1 and 2 for all important conditions encouiitercMl in practice. (If the 
transmitting and rciudving iinUumie as well as th(^ ground conditions at 
both points are th(^ same, r = V2 = I. I I.) 

Then the*. h(‘at (h'vcdopc'd, 7f, //•/“,//, with undamj)ed oscillations is 

8/.'v 


and with dainpc'd oscilhdions is 


T 

(1 


1_ 

R 2 : 


i' 

•LV 



t» 2 

t»0 


Substituting for R^ its valium IVouj Art. lOOc and For 8 its value from 
eciuation (1), w(^ obtain for tlu^ luiit d(‘V(‘l<)p('d in the d('t(Md.or with im- 
dampcil oscilhitions, 


S X i ()7r“ 






X 10' 


1287r- X 10' 


• X‘** . Ry e.g.s. units, 


and with da.mp(Ml oscalhitions 


(1+^^ 


1 

ItiTT^^XlO"' 



1 


(l+r)3 IOtt^ X 3 X 10-'> 4 






Accordingly the', greatt^st luuit development attainable in the detector 
is entindy indepemhuit of the form and ludght of the antenna with 
undamped oscillations and is aftecU^d only veuy slightly, namely, through 
d] 

tlui vahuj by tlu'sci Tiuitors iu the: Ciwo t)f damped oscillations. It is 
increased, however, as the wave-length of the oscillations increases. 
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c. Maximum heat development in the detector is a requirement for 
obtaining maximum range. The resultant increase in the decrement 
of the receiver may, however, be undesirable from other viewpoints 
(as for sharp tuning^ Hence the energy consumed in the detector is 
usually left considerably below the possible maxiinum. 

Assuming it to be so low that Ra K then from h we obiiiiii that for 
undamped oscillations 

Rdh\ff = * ^0^ approximately 

and for damped oscillations 


Rdli^y/ - ^^2 • 4 ^ * ^ ^ di\ 




S()^ e.g.s. units; 


or, for undamped oscillations 

i? I 

= 2(l(k^X iO‘T ’ 


and for damped oscillations 

Ra r 1 _ 

” X ‘ 4 X 3 X IT® di(l+ 


(a2/i2)‘^ 


e.g.s. units. 


In this case an antenna of low height and low form factor is at a great 
advantage and the importance of long wave-length becomes very miirk(Ml 
(R. Rudenberg^®^), 

d. Nevertheless we must remember that the discussions in c and h 
take only incomplete consideration of the influence of tlu^ wav(‘-l('ngth, 
in that the receiver only is considered. If we take the iranstnifier into 
account as well, the conditions become altorcul. 

According to Art. 138c and the second foot-note in Art. 131)c 

Eo = 12t X lO'o r •- - 
A r 


Substituting this value in the equations obtained al)ove, lu'at devel- 
opment in the case of maximum range {Ra = /is and Ra = r/is rc^sp.) 
becomes 


9 


for undamped oscillations, and 
X 3 - 

ax 





* ai — form factor and hi - luMglit of transmitting aerial; = <!oolT. of absorp- 
tion [Art. 1396] 4- stray field coeff. [Art. 1406]; Iiq — muTont amplitude at ba«(^ of 
transmitting aerial. 



UKCKlVEliS 


307 


for (liunpod oscillations; while in the (^aso of the heat yomhle aharpneas of 
tuning {Ra^ R^d these values beeouu^ 



for undamped oscillations, and 


(^y.p (»M\ f 

^TT/ \a 2 hj 4 X 3 X 





r 



for damped oscillations. 

In the first (^ase (maximum ran^e) lonf»; wave-huifrlh with undamped 
oscillations is important only in that it is advantageous in regard to 
absorption [Art. J30/| and si ray I'u'ld [Art. 14()|. 

In the se(U)nd cas(' (maximum tuning sharpness), however, long wav('- 
hmgth oilers (*onsid(M*abl(' addilional julvantagc's. Mort^over in this cas(^ 
the combination of a. freely radiating transinitling aerial milk a weahlif 
radiating receiving aerial would b(^ materially sup(M*ior to two similar 


aerials. 


e. According t-o d, with damix'd oscillations of constant frecpieiKiy, tlui 

7 2 

J In 


(uirrent effect in llu' nxxMvc'i' oc 


di 


('+£) 


The curn'iit effect JiV/ at 




th(‘ bas(‘ of l.h(' transmilling anlcmna oc ®-* IleiKie the current effect in 

Cli 


th(‘ receive*!’ o- 


7'V 
1 + 


// . 
dy 

d. 


It follows tha.1, in making long distance tests ^hinder the same condi- 
tions,” it is (vssemtial Unit not only the curr(*nt ('fleet at tlu^ bas(i of Uk^ 
tninsmitting anlc'nnii but also the (k'c.rcMiu'nt of th(^ tra.nsmitt(n* oscil- 
lations nunain eonsla.nl. 1 1 ?.s* not s-uffieient to mniply keep the current 
c If eel at the base of Ike irans milting antenna constant. 


1. THE ORIGINAL MARCONI RECEIVER 

173. The First Arrangement.- -a. J^'ig. 307 shows the simple arrange- 
ment uscmI by Maiujoni in his first expeniments. It is the exact countei’- 
part of the original transmittcu* shown in Fig. 209, the spark gap of which 
is replaccul by the wtive in(Uc.at()r, whicdi, in the original Maikjoni equip- 
ruont, was a niettillic granular (‘.oherer. 

This arrangement, ev(m if tlu^ c.oherer werc^ replaced by, say, a thermal 
detector of veny high resistance, would have the grc^^it disadvantage of 
too gr(xit nisistaucc in the roceivcu' and too large a decrement in the 
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receiving antenna. If the equations of Art. 172 are applied to this case,* 
in which Rd < R' 2 , we obtain approximately for undamped oscillations: 

Rdl^ff = ^ So* 

and for damped oscillations 

i.e., the greater the resistance of the detector, the less heat will bo devel- 
oped in it. 

Moreover, to the high resistance of the metallic grauiilai’ cohoroi’, 
there is added the difficulty that when unexcited it has a capacity effect, 
while when excited, it is simply a very high resistance. 

Hence the receiving antenna if tuned to the trans- 
mitter in one condition, can not be tuned for the other. 

The arrangement of Fig. 367 had still another 
A disadvantage: It was easily affected by 
atmospheric disturbances. If the poj*- 
tion of the antenna above the coherer, 
through which it is insulated from 
ground, obtained only a slight static 
charge, this brought its potential differ- 
ence with the earth sufficiently high to 
break through and excite the coherer. 

174. The Marconi Transformer. — 

This last-mentioned difficulty was what 
chiefly induced Marconi to soon remove 
the coherer from the aerial. 

He replaced it with a coil, Si, and 
caused the latter to act inductively upon 
another coil, S^) having a much greater 
number of turns and the ends of which 
were connected to a coherer (Fig. 368). f 
The transformer {S 1 S 2 ) thus formed by 
these two coils was called the jigger.’^ 
a. Not only does this arrangement 
provide a direct path to ground for static charges in the acu-ial, l)iit the 
damping of the antenna retains its normal value and is not apprc^caably 
altered by -the changes in the coherer. Consequently the oscillations of 
the antenna may rise to a much greater amplitude. When the colu^rer is 
excited by the oscillations induced in 82 , a closed circuit S 2 J is formed. 
A large part of the energy in the antenna is then transferred to this 

* Assuming that natural oscillations of the antenna are still possible. 

t But see c of this article. 
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circiuit and the hoat thereby developcHl in the coherer so reduces 
the hittor^s resistance that the relay responds. 

b. There is another point to be coiisidercd. With the coherer directly 
in the aerial, the use of multiple anteniue gainc^d nothing over the simple 
antenna. The use of sevei-al wires instead of a single aerial wire did not 
increas(3 the pottuitial across the coherer 
terminals, and the greater curnmt ampli- 
iude, obtainable with the multiple aerial, 
did not help tlie coherer much. Now, 
however, it becanu^ possible to make use 
of the increased current ainjditude of the 
iuultipl(3 iintenna, for with tlu^ transformer 
the incnuiscul curnmt could \n\ used to 
produce miK^h higlier ])()t(mlijds across 
the coluu’er than would b(' obtained in the 
anteniui itsidf. 

To be sure, th('S(3 Jidvantages (am only be scMUinal if the ant.enna is 
UiiumI to tlu'. traiismit.t(‘r oscilln, lions and the scurondary circuit (N-j + 
coheren- in unexcitcal condition’^) is tiiiuMl to the anl(‘nna. The iinpor- 
tan(U3 of just, this r('(|uir(Mn(‘nt. was ])rol)al>ly not r(Ma)gniz(3d at the tinu^; 
liowevtM-, th(^ fact that the entire arrangement opcaaiU's satisfactorily 

only if (;(3rtain re(iuirements 
a.i’(3 tilhal, was re(;ogniz(3d and 
poinUal out by Mauooni from 
the (Irst. The reciuirements 
W(‘re m(Mi by trying out in 
('a.(^h staiion what vva,s thelx'st 
form of th(3 transformer, which 
as a matt('r of fa.c.t consist (‘d 
})rimarily in adjusting the 
])riituiry and secondary fre- 
quenc.i(‘S (and perhaps also 
the degioc of colliding). 

c. The arrangement of 
Fig. 3()8 can not be used just 
as shown there; for the coil 
S^i would close the relay circuit 
(see Fig. 359) even when tlio 
coherer was in it,s non-(*.ondu(d’ing state. This is prevented by inserting 
a block coud(3ns(ir, C, (h'ig. 309 or Fig. 370), which has no appreciable 
effect upon the oscillations if its capacity is sufliciently great [Arts. 30c 
and 4:1c]. 

* Th(i latter was nut so (isstiutial, as a very close colliding was used. 



Fin. 370. 





310 


WIRELESS TELEGRAPHY 


2. RECEIVERS FOR TUNED TELEGRAPHY WITH DAMPED OSCILLATIONS 

The main object of tuned telegraphy is to have the niceivor respond 
only to waves of a certain frequency (wave-length) and not a1; all, or at any 
rate only very slightly, to waves of any other frequency (wave-length).'*' 

The solution of this problem varies according as the receiving antenna 
is highly or slightly damped. 

176. Receivers for Highly Damped Receiving Antennae. — Such 
receivers are always constructed as to have a slightly damped sectmdary 
dreuit coupled to the primary {antenna) circuit The detec^tor may Ix' in 
the secondary circuit or it may be in either a condenser (circuit or a clos('d 
circuit (detector circuit) coupled to the secondary circuit. 



All these circuits are tuned to the transmitted frequency and hence are in 
resonance with one another. 

The following are a few of the many arrangements which are or liav(^ 
been in use, many of them being very similar in prin(ui)l(^ 

a. Condenser Circuit Secondary; Inductive Coupling with the Aeruil . — 
This arrangement was used by Marconi and with it he first demonstratcul 
the possibility of tuned telegraphy, f 

It is shown diagrammatically in Fig. 371. Condenser C senwes as a 

*This condition is more or less obtainable by simply loosen ing tlie coupling Ixv 
tween ;Sfi and S 2 in the arrangements of Figs. 369 and* 370 [wio Art. I«0c/J; in fact 
these connections were used by Marconi for tuned tolegrapliing, 

t Probably the first proposal to use tuned telegraphy was that of O. Lonon (Brit, 
Patent 11576 of 1897, applied for May 10, 1897). In this patent some of the re- 
quirements which an arrangement for tuned telegraphy must fill are clearly stated. 
Lodge, however, does not seem to have had any practical success until Marooni 
completed his first successful experiments in tuned telegraphy. 
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bloc.k (ioncU'.uscr; as it has much jj;r(uiter capacity than coxidenser Ci, to 
whoso terminals the coherer F is coiuiec.ted, the latter, Ci (in conjunc- 
tion with the coluM'er in pavalUd) determines the fundamental frequency 
of the condenser circuit [Art. 4/^]. 



Khj, 


Of lade, the ^lAitooNi (^). ina,kt‘S use of a special tertiary circuit for 
tlu^ (Idoc.t.or in its comiiK’nlal stations. Tliis so-called “nuiltiph'- 
luninj*; ai)paratus” of the Mauconi (’<>. is shown in I'l^* The 

variable condcnsc'r at the ui)])cr IdX hand and the self-induction adjust- 
able in st(*i)S below the comhuiscr, 

S(‘.rve for tuninf>; the acalal. The | 

variable cond(‘ns(‘r in th(‘ middle is ^ 

})art of th(^ secondary or inti'niH'dia-te 

cir(‘uit, whiles that at th(' upper v\\r\\\, j- 

belongs to the d('t(‘ct.or circuit. Tlu^ 

self-induction of th(*se two (s(*condary 

and bu’tiary) circaiits is a<ljust(Ml to ^ 

the same st('p in both simultaneously. ^ § T 

h, CovdcnKcr Circuit ^SVemw/or/y; | == [1*7 iohday 

IHrcct (Uruplimj hchcren Aerial and g//7 [---- 

Coudenwr Circuit . — This arranjiienumt * | ^ 

was used by Ijoixiw and Muiiuikad-*^’* 

* T 

with the granular (M)herer and by the 

T.KL'i'muNKKiN ('(>. (see diagram of * 

connections, Fig. with, the 

SoiiLOMiLcjn d(di(H‘.tor, when particularly sliarp tuning was desired. 

The TMLKi^aTNicuN Co. used a special tertiary condenser circuit 
(777, Fig. 373), as proposed by F. Buax.tk,“”‘‘ containing the e£fectiv('. 
condenser ^2 and the', bloc-k condenser of largo capacity, C. 

* Courtesy of the Makconi Co. 


Fig. 37.‘h 
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Fig. 374 iEustrates a Telepunken receiver for thermal detectors on 
this same principle. The primary inductance {I + II in Fig. 373) i.s 
divided into two parts. One part (marked “4” in Fig. 374) is coupled 
to the condenser cii’cuit III (Fig. 373) containing the detector, while the 
other part (at the upper right hand in Fig. 374 and marked “EA ”) con- 



.6 


Pro. 374. 

sists of a coil of variable self-induction (Rendaiil varionu'tor). I’ho 
condensers (P, Fig. 374 = Ci, Fig. 373 and S, Fig. 374 = Ca, IJ'ig. 373) 
are variable plate condensers. 

The results obtained with the connections shown in Fig. 373 d(ipond 
very largely on the relative amount of self-induction in / and II as com- 
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parod with the effective self-induction of the rest of the antenna and of 
the lengthening’^ or “loading” coils in it. If the self-induction of I 
and II is relatively small, as was the case in what has just preceded, the 
primary circuit must be considered as: Acu’ial, coils I and II, ground; 
while the secondary would be comprised of the condenser circuit 6h, 
coil I + II. But if the self-induction of coils I and II is relatively 
large, we have a case of the “fly-wheel” system, described in Art. 986, 
applied to the receiver. The primary circuit then consists of the con- 
denser circuit comprised by the inductance J H- // (Fip;. 373) and the 
capacity formed by the condenser C\ in parallel with the capacity an- 
tenna-ground. 

c. Single Coil Secondary . — With this arrangement, in which the natural 
oscillations of coils [Art. 23] and not of concUuiser circuits is cinployed, 
A, rtijAUY and Count Auco, following soon aftei* Marconi, succeeded in 
ol)taiuing a tuned radio-telegraph syst(un. It is now no longer in use. 

176. Receivers for Weakly Damped Antennae. — the decrement 
of the antenna is not mucli di(T(n*ent from that of a well designed coii- 
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denser circuit without spark ga]), then tlie use of a condc'nsc'r circuit as 
s(Hiomlaiy no longer olhu-s the same advanlagcNS as with a strongly damped 
anhuma [Art. ISOdj. 

Hence, in this case, whicli applies to all quencluMl spark operation, the 
antenna is couphul to a doHcd detec.tor (hnaiit^”** (iontaining the detector 
as shown in J<’ig, STr).*** The coupling may be either inductive (Tig. 375) 
or conductive (Fig. 378). 

The Teuokunkjon Co.*”” has applied this method of connection for 
use with transmitters arranged for two standard wave-hmgths in the 
following manner. An inductaiujc Si (Figs. 376 and 377) is always left 
in the receiving antenna, in which there is also a condenser C. When the 
transmitter is working on the short wave, Si and C are placed in series 
(Fig. 376), while for the longer wave they are connected in parallel 
(li’ig. 377). In the latter case wo again have the “fly-wheel” connection 

* C' is simply a block cundeusor of great capacity. 
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[Art. 98&]. A receiver built on this principle is shown in Fig. 236 (iniu*k(‘(l 
“33^0; C m Si variable plate condenser by means of which the recedving 
antenna can always be exactly tuned to the transmitted oscillations. 

177. Tuning the Receiver for a Double Wave Transmitter. — In Arts. 
175 and 176 it was tacitly assumed that the transmitter furnished a wave 
of only one length. This is the case with the Wien transinitt(U', but is 
true of the Braun transmitter only if the coupling between the primaiy 
and secondary circuits is very loose. 

If the coupling in the Braun transmitter is not very loose, two wav(‘s 
of different length are obtained. The question then at onc,e suggests 
itself: Which wave shall the receiver be tuned for? 

This question is justified from two standpoints, vijs.: 

a. There is, firstly, the question fer se as to whether it is better to 
tune the receiver for the longer or for the shorter wave. In Art. lOCia, 
the reasons in favor of the shorter wave-length (higher frequency) 
discussed. On the other hand, the fact remains that the shorten* wave is 
more rapidly absorbed in the daytime than the longer wave [Art. 139/] 
and that, moreover, the longer wave is more efficient in regard to produc- 
ing useful energy consumption in the receiver [Art. 1725]. As a niail-en* 
of fact, however, it is universal practice to tune for the shorter wave, so far 
as the author knows. 

b. Secondly, there may be some question whether it is best to luive 
the receiver tuned exactly for the wave-length to which it should respond. 

If the receiver consisted of a single, slightly damped systcun, tluni 
[see Art. 87a] a certain definite small displacement from exact resonances 
{i,e., a slight dissonance) between the receiver and the transmitl-eu* oscil- 
lations should give the best results, at least in case the transmittcu* is 
quite loosely coupled so that its two waves are nearly of the same fre- 
quency. Even if the receiver consists, not of a single, but of two or ihwo. 
loosely coupled circuits or systems, it is very probable that the same holds 
true. Accordingly, it is not unreasonable that, with a not very (dosc'ly 
coupled transmitter a slight displacement from resonance may be ad- 
vantageous, or, to put it more correctly, that well adjusted receiving 
stations really operate at a point slightly off exact resonance. 

178. Adjustment of the Energy Delivered to the Receiver. — Atumrd- 
ing to Art. 172, it. is of great importance for the heat developed in the 
wave indicator and hence for the range of operation, that the (m(u*gy 
delivered to the wave indicator has a distinct relation to the eiuu'gy 
losses in the receiver. On the other hand, maximum sharpness in tuning 
[Art. 180] requires the lowest possible damping and hence minimum 
energy delivered to the wave indicator. Therefore, either one or the 
other requirement will be met according as the chief object in view is 
longer range or very sharp tuning. . Or, otherwise, a compromise is mad(^, 
the energy supply to the wave indicator being adjusted to give a good 
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range, without allowing the sliarpness of tuning to fall below the desired 
in*actical limit. 

The amount of energy deliv(n*(Hl to the wave indi(;ator is adjusted by 
varying the degree of amplvng between the detector circuit and the antenna or 
the secondary circuit of tlu», recenveu*. 

Figs. 378 and 379* show the method of arranging a conductive coup- 
ling of the detector circuitf direct witli the antenna in Fig. 378 and with 
tlxc secondary circuit, ABCi, of tlie receiver in I^'ig. 379. The coupling 
is varied by means of the sliding contact Sc, As the portion A-Sc of 




tlio coil AB is in(*.r('as(Ml (or (l('creas(Ml), ih(^ curn'ut- flowing tlirouglitho 
detector Z n,n(l Ikmicc l lu^ act ion in tin* (hdcM^tor is in(n-('a.si‘d (or dcuu’cjiscMl) 
while the (himping is also incr(‘as('(I (or (l('cr(\‘is(‘(l). 

For indmdivt^ coupling of tlu^ (UdcMdor circuit, th(Mirrang('m(Mil-s shown 
in >'igs. 375-377 can be used it the (coupling IxdAvem) S[ iind S^ is variable 
[Art. 54]. 

179. Receivers for Two Different Detectors. — Iri r(Munving stations 
wher<^ two diffenmt wave indi(uitors (say, one for tele])hone recc'ption, the 
other for call signaling or foi* nu^ording) are to b(^ iis(m1, it usua-lly do(»s not 
sullice to simply install a throw-ov<u‘ switch for connec-ting either wave 
indicator to tlu^ rest of tlui af)paratus. Aside from the fact that this 
would limit the re<^eption to one of the wave indicators at a time, it is 
advisable to have sc^parate s(xx)ndary circ.uits adapted to the individual 
reciuircnuuits of each indicator. 

* This arrangoniont of oircuiits may bo (ionsidorcul as dividing tlio current botwcon 
tho two parall(d Ijrancluw (ioiisisting of tho solf-induc/tion and the dotcctor Z 
with its block condonsor, (h 

t Those connofttiona wore used by tho TELEt’UNxnN Go., in conjuiictioii with tho 
electrolytic detector. 
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The arrangement used by the Telefunken Co. for this purpose and 
illustrated in Fig. 380 will serve as an example. It requires little or no 
further explanation; the “tuning coil’’ and the variable condenser C 
serve for tuning the aerial. Fig. shows the construction of the tun- 
ing coil, Figs. 382®^ and 383®^ are the coupling transformers for the record- 



ing and for the telej)lionc re- 
ceivers respectively, arranged for 
adjustable coupling. Fig. 384 
shows the entire outfit assembled 
as a unit. 

180. The Sharpness of Tun- 
ing. — If the frequency of tlie 
transmitter is changed, t he elTec^t 
upon the receiver will also 
change. Assume that a tliernuil 
wave indicator a tluu'ino- 
couple) is used in the re(*,eiver. 
Plot the deflections of tlu^ gal- 
vanometer in the (arcuit, which 
deflections are i)rop()j*tional io 



Fig. 380. 


Fiu. 3X1. 


the current effect in the detector, as ordinates and the diffia’cml, ii’ans- 
mitter frequencies as abscissse. The resulting “resonance curve of the 
receiver” will be of the form of the heavier curve in 3<^ig. 385; Iho 
effect is a maximum at a certain transmitter frequency, An, at which 
frequency the transmitter is said to be “in tune,” while at any otlitu* 
frequency it is “out of tune.” 

If now the galvanometer is replaced by a relay, the latt(U’ will not 
respond below a certain current. Thus, let us assume that under the 
conditions represented by the heavy curve in Fig. 385, the currcuit 
at resonance is Ko milliampere and that at least milliampero is 
required to actuate the relay; then the relay will not respond at 
frequencies below 0.967 iVo or above 1.033 iVo, i.e., at a dissonance of 
more than 3.3 per cent, in the transmitter. This 3.3 per cent, is 
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sometimes called the “necessary dissonance”. Apparently, therefore, 
the “sharpness of tuning” varies inversely as the necessary dissonance.’*' 

a. The sharpness of tuning depends upon two factor’s, viz. : 

1. The shape of the resonance curve (Fig. 385) and hence upon the 
sharpness of resonance [Art. 70c]. 

2. The factor of safety [Art. 148] of the station. 

The relation to the form of the resonance curve is evident from h’ig. 
385. The steeper the curve, the sharper is the resonance, and hence the 
sharper will be the tuning. Thus, if, e.g., the resonance curve were tlio 
flatter, light curve in Fig. 385, then, under the same conditions as were 
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Fig. 385. 

assumed previously, the necessary dissonance would be about (5.5 ])(^r 
cent., the sharpness of tuning correspondingly less. 

As to the other factor which determines the sharpness of tuning, it was 
pointed out above that under the conditions assumed inilliainpei'o was 
required to make the relay respond. When the station is tuned, i.c., 
under normal operating conditions J-f o milliampere is supplied to the re- 
lay. Hence the station has a working factor of safety of \/3. If ibe 
worldng safety factor were lower, e.g., -v/lS, then under the conditions 
represented by the heavy line curve of Fig. 385 the relay would only re- 
spond within 2 per cent, of resonance, so that the tuning would 1)0 much 
sharper. 

From the preceding it is evident that record tests giving very great 
sharpness of tuning must not be considered as conclusive. By ad- 
justing a receiver so that the slightest deviation from resonance suffic(>s 
to prevent the apparatus from responding as an indicator, the tuning 
appears to be, in fact really is, very sharp; but the station is entirely unfit 
for normal service. 

* The best measure of the sliaipness of tuning is the reciprocal of the necessary 
dissonance value. 
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b. As to the form of the remmnce curve, this is easily determined for a 
receiver without secondary condenser circuit as used for weakly damped 
antenna oscillations. ]‘\)r if the conditions in the detector circuit arc such 
that the current elfc(d< in it is proportional to that in the antenna [Art. 
55b], then the resonan(‘.c curve is exactly the same as that corresponding to 
a primary circuit of dccn^mentdiin the transmitter and a decrement in 
the receiving antenna and is (k^termiued by the sum of the decrements 
of the transmitting and r(^(^eiving antennae At the same time, the decre- 
ment of the receiving antenna of course depends also upon the amount of 
energy supplied to the deUu'tor. 

The resonan(U) sharpness a,nd, hence, also the sharpness of tuning in- 
crease as the damping of tlie transmitter oscillations and that of the re- 
ceiving antenna decrease. 

c. The resonance curve for receivers with secondary condenser circuit 
is (easily ca,leula.te<l if tiic^ traiismilicM’ ostalL'idons are undamped and if tlu'. 
])i*ima.ry a.nd s(M'onda,ry circiiils of ih(^ r(M‘(*iver arc^ V(‘iy loosc^ly coupled. 
In this case, in a very sliort space oC time only the impn^ssed undam])ed 



oscillations of tlu^ trarUsmitUu’ frecpu^iKy exist in both primary and sec- 
ondary circuits of tlu'. reci^iver, and they almost solely determine the 
(airreiit effect [Art. CO/;]. A simple consideration of this shows that the 
r(\soniuicc curve of the recauver is obtained approximately*^ in the following 
inaiinor. Idot the resonance ciu'vo (the thin full line curve in Fig. 380), 
which, according to the second foot-note of Art. 74a, corresponds to the 

* The exact eqiaition fer ihc msoiiaa(;(^ curve is: 
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decrement of the receiving antenna with undamped oscillations {di = 0), 
the ordinates being the values of Pe/ffPr «//. Similarly, plot the resonance 
curve corresponding to the decrement of the secondary circuit of the 
receiver (dashed line in Fig. 386). Then find the product of the ordinates 
of these two curves corresponding to the same abscissa. This product is 
approximately* the value of the ordinate of the desired resonance curve 
(heavy full line curve in Fig. 386) at the same abscissa. 

In Fig. 386, d2i (receiving antenna) ~ 0.1, ^23 (secondary circuit of 
receiver) = 0.05. For d 2 ^ = 0.02 the dash-and-dotted line is obtained.* 
From the preceding, it follows that by the use of a secondary circuit a 
much sharper tuning is possible than without a secondary, the difference 
being the more marked the less damped the secondary circuit is. 

d. If the transmitter oscillations are darnpedj the conditions governing 
a receiver with secondary condenser circuit are quite different. In general 
two oscillations (of different frequency) are induced in the receiving 
antenna, one, the impressed oscillation, of the same frequency and decs 
rement as the transmitter oscillation, the other the natural oscillation of 
the fundamental frequency and decrement of the receiving antenna and 
hence of the same frequency as the secondary circuit which is tuned to tlu^ 
receiving antenna. Consequently, even if the impressed oscillations liav(^ 
but little effect upon the secondary circuit, the natural oscillations of tlie 
receiving antenna will. 



The conditions encountered here are relatively complicated, as three 
damped systems (transmitter oscillations, primary circuit and secondary 
circuit of receiver) come into question, and moreover as two quite different 
requirements, viz., maximum resonance and sharpness of tuning on oiu^ 
hand, maximum range on the other hand, counteract each other in tins 
case. 

* See foot-note on preceding page. 
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So far as tho resonance sharpness is concerned, we may assume that, 
other things being equal (equal decrements), it increases the looser the 
coupling between antenna and secondary circuit of the receiver is made. 
The ideal case, therefore, is that of extremely loose coupling. This has 
been theoretically investigated by H. some of his results ai’c 

shown in Figs. 387* and 388A and B.* 

The conditions assumed for Fig. 387 are about those existing in the 
Braun transmitter with greatly damped antenna; decrement di of the 
exciting circuit in the transmitter and Iienc,e the decrement of the trans- 
mitted oscillations = 0.1 approximately; decnmient (hi of the receiving 
antenna = 0.3; decrement (h^ of the condenser circuit in the receiver = 



Fi(}. 


().()3. The resonance (uirve (a) of th(^ (mrnmt (effect in tlie condenser cir- 
cuit shows that tlu^ slia.r])n(\ss of n'sonance wlii(^li <‘,jin Ix^ iitbiined (p = 50 
approx. [Art. 7()c|) is (considerably gioatcu- than it would be without 
a secondary cond(ms(*r (circuit, with the antcunm aoting diioctly upon 
the detector. In this latter case the resomimuj curve would be as shown 
by curve 6, the resonance sharpiu^ss would = 15.7, corresponding to 
(h +<lni^ 0.4. 

The a.ssumptions on which 3<^igs. 388A and 3887? are based correspond 
to a quimehed (jap iransniitlcr and two antenna) with greatly reduced radia- 
tion damping; (h = doi = 0.03. In Fig. 388/1 a relatively large amount 
of energy supplied to the detector by the condenser circuit (ri! 2 , = 0.03) 
is assumed, while in Fig. 388/?, this is assumed to be very low = 0.01). 
As a means of compa, risen, the curve &, the resonance curve which would 
be obtained in the receiver without a secondary condenser circuit and cor- 
responding to di + (ht = O.OG, p - 105, has been drawn in each figure. 
Here again it is seen that the secondary condenser circuit considerably 

* In these figures curve c is tUo resonance curve for di -f d^) it almost coincidcjs 
with curve a. 

21 
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increases the resonance sharpness (p = 143 in Fig. 388<4, p = 156 in Fig. 
388B). 

Accordingly the use of a secondary condenser circuit even in con- 
junction with very slightly damped antennae, is justified when piirticiilarly 
sharp tuning is desired.^®^ On the other hand, however, the exaniph^s 
illustrated show that the resonance sharpness attainable without a sec- 
ondary condenser circuit, suffices for all practical purposes and in fact 
would suffice even if the decrements of the antennai were double the 
decrements assumed for Figs. 388A and B. 

The range is determined on one hand by the energy supplicul to iha 
detector (and hence by the damping, d?.^, of the secondary condenser cir- 



cuit) and on the other hand by the degree of coipding IuMwcmmi Ihen^- 
ceiving antenna and the secondary condensiu- circiiii-. Tlu^ i)rM(*licMl 
problem therefore is: how far may or must we go wi( h l)()i li ( h(‘S(‘. faciors 
toobtain maximum range without seriously reducing Uii^ sluirpiu'ssof 1 lin- 
ing?* Such investigations-®® as have been madi^ lo dati^ do not siillici' for 
arriving at a general answer to this question. Actual (‘Xpi'riimci^ in prac- 
tice has shown that in those cases where tliero is any cuindc'nsc'r circuit in 
the receiver, the coupling between condemcr circuit and rrcciring anlcnna, 
must in any case be very looaCy if good tuning is a,t all ]’e(]uired.t It has 
further been shown that this loose coupling may be adopUul wU bout inalxv 

* A comparison of the two curves marked in Figs. 388A ami B lively, is 
instructive in this connection. The sharpness of rosonjiiKui is almost llm siiuk^ in 
both cases although the energy supplied to the detector in. h’ig. 388A was assunKul 
about three times as groat as that in Fig. 38S/i. 

t Hecognition of this requirement originated in the theortvtii^al invi^sl-igaiions of 
M. and in the experiments made by H. BitANUKs and L. Mandjclstam-®*’ at 

almost the same time. Close coupling is used almost solely for sueli (!as(is wliiu'e 
sharp tuning is of no importance and where it is desired to (jominuiuonte with various 
stations of somewhat different wave-length, as for instaiu^e in coastal stations com- 
municating with ships at sea or again where it is desired to '‘listen in** to traffic 
between other stations [see Art. 184a], 
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rially sacrificing range, as long as the transmitter oscillations are not too 
strongly damped. The reason for this is that conditions in the loosely 
coupled system (secondary or tertiary circuit of the receiver) which acts 
directly upon tlie wave indicator, are about of the nature described in 
Art. OU* — mor(^ and more eiuu'gy accaimulates in this system during a 
series of periods or cycles, so that eventually quite a large amount of 
energy exists in the system, even if .only very little is transferred to it in 
each period. 

This, howev('r, is basted on i,h(^ assumpi.ion that all energy consumed in 
the secondary (nrcuit (JouimAN liejit, eddy currents) without being useful 
in the wave indiealor, is k(‘pt a.s small n,s i)()ssible. Otherwise, the use 
of a secoiuhuy eircuiii. in tlie re(u'iv(‘r may Ix^ detrimental to the range 
without being of much vahn^ i-owai'd sliarpness of tuning. 

It may thert'fore b(' important to bloc^k the pa.th of the oscillations into 
the circuits of the a.iixilia,ry appa^ratus wlu'n^ a. part of 1 lan'r energy would 
be wastc'd, by imvins of choh'v. coUk [Ari . Kir)^;]. If this is done, liow(;ver, it 
is essenlial that ihr (^liokc' (M)ils th(Mns(‘lvc's do not consume any energy;* 
hence ih(*y musl hav(' no iron roms*. Witli iron eon'S, tliey would server 
their pur|)ose of kcx'ping (lu' oscillations out of (he auxilia-ry apparatus 
fully as w(‘ll if not Ix'tb'r, but hyst(M’(\sis and ('ddy curn'iit losses in the 
cores would n'siilt. 

181. R. A, Fessenden’s Method for Maintaining Secrecy of Tele- 
grams.-*"’ — 'riie ^‘secrecy sender” of J^'ig. 3.S() transmits wa,v('S unint(n-ru])t- 
edly, but wlum llu' circuit of thc^ win* loop, /\, is closcxl, tlu'ir wa.ve-l(mgth, 
X', differs from X, lh(‘ wavc-h'iigt h to which tla^ n‘ceiv(*r is tuiuMl, l)y a.n 
amount giv(Mi by J'^kssknokn as '.j' p('r c(mt-. If tlu^ circuit of this wiix^ 
loop is br()k(‘u by pri'ssing tin* keyf tlur transmit l(‘r oscilhitions have tlu^ 
wave-hmgl h, X, for which (Ik^ r(‘C(‘iv(‘r is tiuuxl.J 

At th(‘ r('C(*ivcr (^‘ interf(*r(Mic(‘ pr('V('nlcr”) (J^'ig. 3U()) the oscillations 
in (lu^ aerial branch off Ix'twixm two i)a.t.hs, A(\SiE and ^rho 

fornuM* is tuinxl to th(' waA'(‘-l(‘ng( h X, (h(‘ la,l ((‘r Ix'ing so dinuMJsioiHxl that 
with th(* wa,V(‘-l(mg( h X' tin' aniplilude of tiu* oscilhitions in Ixm'.ouk^s 
(‘( pial (,<) tlnit in (X)ils S'\ a.nd N'o, wliich are (X)UpliMl with Si 

and r(‘spectiv(*ly, a.r(^ wound so as to op|)ose or “l)U(^k” each other, so 
that with wa.V(vl(nigt,h X' th('. elec^tromotive forces induced in /S'land aS'o, 
j)ractieally luuitralize ea,ch otlun’. 

Hence, if tlu^ transmitter is oixa’ated witliout depressing the key in 
loop K (J^'ig. 3iS0) a.nd wav(^ X' is simt out, no api)r(xuai)l(^ oscillations are 
imhuied in the cinniit of receiver. Ihit if the key in loop K 

* The ronH(.ruet.ioii <)f really gtx)(l (jhoke (ujils is not so v(U‘y siniplo a inattor. 
A<'.<x)rdingly systems or methods of couiieetioii in wliieh no choke coils are needed 
oihir a practhxil advantages 

t "I'lie k(\v is not <lrawn (iorrec.tly in Kig, I1S9. 

t Compand 1\ O. Piodwksmn’s method for undamped oscillations [Art. 127r]. 
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is closed and wave X is sent out, oscillations of very high amplitude ar( 
obtained in branch Ci<Si and of very low amplitude in consequently 
the electromotive forces induced in S't and S\ do not neutralize eacl 
other, and the wave indicator, D, responds accordingly. 

Undoubtedly this method makes the reception of telegrams very diffi 
cult. Unless the receiving station is tuned exactly for the wave-length ) 
and so sharply that a dissonance of H per cent, suffices to make the sig 
nals disappear, the signals will be received constantly, whether the key a 
the transmitter is depressed or not. 



The practical tests conducted by the Nat. Hl. Hiu. ('o. witli I hi 
method were claimed to have given very good results, (iven in overeondn 
atmospheric disturbances [Art. 183]; its application, h{)\V(^vi'r, will |)i'()l 
ably remain very limited to a few special coses. 

182. Multiplex Telegraphy. — The solution of the ))rohlem of conslci'n(!l 
ing a receiver which will respond within certain limits only l.o a singl 
wave-length, is at the same time a solution of tlu^ probUnn of mullipl 
telegraphy — ^receiving telegrams from two transmitters sinmltaneousl, 
on one antenna. 

a. Pig. 391 illustrates an arrangement of this kind used by MAnc!o^ 
with considerable success. For the longer wave, the primary <‘.ircui 
consists of the aerial, coil S, primary coil I of the transformer and groum 
The secondary circuit tuned to this is H. For the nhortcr wave, the pr 
mary circuit consists of the aerial, condenser C, primaiy (soil J'of tlie tram 
former and ground. The secondary circuit tuned to this is IT, Th 
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c.oiulitions aro sucJi that the system to the right does not respond to tlie 
longer wave, that to the left, not to the shorter. 

Any otluM* aiTangxMiient for tuned telegrapliy can, of course, be simi- 
larly used if the tuning is suflicicntly sharp. 

2). The simultaneous tranHnmswn of two telegrams from the same an- 
tenna is also feasible. It is simply necessary to couple two different con- 
denser circuits with the aerial, oacli (condenser circuit adjusted so as to be 



in resonance wiili its own s(>con(lary. The connec^i.ions used l)y Makconi 
are shown in J^'ig. 302; as in Tig. 3t)l, the ])<)rtion to the left is for the 
longer wav(^, tliat at the right, for the shorter. 

c. In the mulilple or dui)Iex telegraph systems just descril)cd it is 
essential that the wavcvhmgths of tlio two transmitters whose telegrams 
are to be received on thc^ same antenna, be different. Duplex reception 
at the same •wai)e4en(jth is possildo if both the transmitters are tone trans-^ 
milters and work with different tones. Tests of this kind have been made 
by the Tklkfunkion two of the sound intensifiers described in 

* Thus tlio TiaijKiaTNKioN Co., e.g.j has rccoivocl telegrams from three different 
stati()ns simultaneously on a single ship’s antenna. 201 
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Art. 166i[> were connected to the receiver, each adjusted to the tone of oiu^ 
of the transmitters. Perfect duplex reception in spin’s of equal wave- 
lengths was possible; as soon as the two tone frequencies differed l)y 20 
per cent. 

183. Methods for Overcoming Atmospheric Disturbances. — a. Tha 

atmospheric disturbances which are particularly frecpient during the suiu- 
mer months, and are especially noticeable in the hours from noon or from 
sunset to sunrise, even in stations where static charging of the antenna is 



out of the question, seem to originate primarily in liglitning discliai‘g('s 
between two clouds or between a cloud and the earth.-**® This is not 
contradicted by the frequent disturbances exporicucod under a ch^ar blue 
sky; the distance over which clouds can be seen from a point on the earth’s 
surface is extremely short as compared to the distance at wliicdi a strokes 
of lightning can excite a wave detector. Hence an electric storm makers 
itself felt in a radio-receiving station at tremendous distan(!(is. 

The early wireless stations, as long as their receivers were arranged for 
relatively highly damped waves of great amplitude, suffercHl st^vorely 
from these atmospheric disturbances, particularly in the tropics. C^oii- 
siderable improvement resulted as soon as the receivers were arranged 
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for loss (hinijiod tninsiniitor OHcillations of lower amplitude (i.e., low aii- 
Umuim (letu'oinenl, loose coupling with the secondary condenser circuit or 
detector cinuiit).. 

J^lven to-day probid )ly the best protection against atmospheric dis- 
turbances still is ii powerful triinsmitter permitting 
the use of very loose coupling and a not too highly 
sensitive wave iiulic-iitor in the RKieiver. 

a. MAHcoNt hiis devised a number of special 
arrangements for mitigating the effect of atmospheric 
disturbances.-'*'^ 

1. The prinniry circuit of the receiver consists of 
the aerial lUxdPCK (Tig, 393). The natural oscilla- 
tions of tlu^ aerial nw. so ri'guhiUMb** by nu^a-ns of coil 
aS and condcMiscM’ (', that the anti-node of current and 
nod(^ of potentia.1 ocemr at the point P [sec Art. 31 ct 
.sr(/.]. Accordingly if waves of the same length as the 
natural wa.ve-l(Migth of the a.ni(mna. strike the hitUn* 
it will oscilhde with a pobmlial node a.t If now a 
ground conneciion PK\ is ina,de at no appreciable 
current will How through ii.. 

Hut, if a.ny otliia' (*l(‘clroina.gnetic disturbance 
oc(‘iirs, the gnailc'st part of the current induca'd in l\u\ aerial will flow 
through to ground as its imiH‘(L*uic<^ is lower than that C)r the ])ath 
A^rA’. Ilcmce the efba^t of the (list urba,n(^e upon th(^ secondary circuit 
(/ /) is gn'atly (liminish(‘d. 

Ac(a)un(.s of how sinu^essful this a.rrang(an(‘n(. is in j)ra.(‘iic('‘|' Iiaveiuvcu’ 

b(‘en ])ublish(‘d so far a-s the author is 
awa-r(\ 

2. Another method of the Mau- 
ooNi (h). is sket(*lual in Tig. 394. 

a.r(^ t-wo rectifying (hdnet/ors, of 
opposite ])ola,rity, so tha,t one allows 
the current to flow through it in one 
dinuHion, the otlua* in the opposite 
direc-tion [Art. lG2a]. Tor one of 
them, let us say 7>i., the size of the 
auxiliary batteny (not shown in Tig. 
394) is so chosmi that the detector is 
very sensitive, while for the other, 
it is so choscui as to make iIkS sensitiveness very low. Consequently 
iindcu* normal op(n*ating conditions only Di responds and the telephone 



Tiu, 301. 


* ''rhe iK^rial is of (unirsc^ also tuned to the transmitter. 

t It scorns pr()l)ahlo that this arrangcinont would also bo olfoctivo against olootro- 
niagnotic. waves of another Icnigdi, houc,o woxdd inc.roaso the sharpnoss of tuning. 
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receives current in one direction only. But if a heavy atmospheric dis- 
turbance occurs, both detectors respond, the current flows through in 
both directions and the telephone is not affected. 

&. Those radio-systems which produce a tone of more or loss purity in 
the receiving telephone have proven themselves as an excellent safeguard 
against atmospheric disturbances; for the latter are heard in the telephone 
as short dissonant crackling and can usually be easily distinguished from 
the tone signals. 

184. Achievements of Tuned Telegraphy. — The advantages* whicli 
make tuned telegraphy so decidedly preferable, are best expressed as the 
following disadvantages of untuned telegraphy: 

1. The telegrams can be “picked up'^ by any and all stations within 
the range of the transmitter: no secrecy of telegrams. 

2. Communication between two stations A and B can bo crippled by 
constantly sending out signals from a station C within whose rang<^ A 
and B are located: deliberate intentional interfere7hce. 

3. If A and A' on one hand and B and on the other hand are two 
sets of communicating stations, each of which lies in the range of the 
other three stations, then A and A' can not communicate while B a,nd B' 
are exchanging messages : interference between stations. 

Whether or not tuned telegraphy entirely overcomes these ol)sta(^l(\s 
can not be stated for all cases, as the distance between the staiions in 
question and their ranges are very important factors. Tlie question (\‘in 
only be: To what extent does tuning overcome these obstacles and are 
they entirely removed in any specific case? 

a. As regards the maintenance of secrecy of messages, let us consichu* 
the following possible case. A transmitting station. A, and a re(^eiving 
station. A', are arranged for continuous communication witli (\‘ich oth(u-. 
Another station, C, is no further from A than A'. The question “ (jan C 
be prevented from receiving telegrams sent out from A by means of th(^ 
tuning methods previously described?'^ must bo answered by a decudcul 
“no.'' 

If A and A' are arranged for constant operation their actual (ultimate) 
range must be much greater than the distance between them [Art. 148] 
and the wave indicator used must not be too highly sensitive. It follows 
that it will then be possible to receive the telegrams by moans of a very 
sensitive wave indicator in an untuned closed detector circuit [Art. 170]. 

In general, the ordinary receivers will serve the purpose if the coupling 
is made closer. Thus, the Tblefunkek receiver described in Art. 17Gand 
illustrated in Fig. 236 is specially arranged for this. The coil correspond- 
ing to >82 in Figs. 376 and 377 is movable so that its coupling with Si 
and hence also the coupling between the antenna and the detector circuit 
can be varied. In order to tune for any transmitter which is sending out 

* Aside from the increased range obtained by tuning. 
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signals tho procoduro is as follows: Starting with very loose coupling, 
gradually make the coupling closer until a sound is heard in tho telephone. 
Then adjust the condenser until the sound in the telephone is a niaximuin. 
Finally loosen the coupling again very gradually, readjusting the con- 
denser (C in Figs. 376 and 377) if this is necessary, so that maximum 
loudness is obtained in every caso.^**^* 

The picking up of messages by stations other than those intended to 
receive them, is made more difficult according as the amplitude of the 
oscillations required for tho given distanc.o is reduced, by decreasing the 
damping of the osc.illalious. 

h. Similarly in regard to intentional interference assume tho dis- 
turbing station C to be a.s near i.o the communicating stations Ai aiuMa 
as these are to ca(;h other and that all are normal typos of stations of 
moderate ranges. 

First, then, we must take for granted that station C can detormiiu'* 
tho wave-length A i and A^ are using and that C tunes its transmitter to 
give the same wave. C is then in a position to interfei'e with Ai and 
Az even if its range is only one-half or one-third of tha.t of Ai and Az^' 

l^lliminat.ing tliis case, however, let us assume that C is unable io 
determine the wnv(vlength used l>y di jind-t^a, so that wave-length 
tlilTers considerably from that of A \ and A^. WhetluM* or not C can inter- 
fere in tliis case d(*pends sinqdy upon how far it can raise il-s amplitude. 
If tho receivers at A i and Az ha-ve v(‘ry loose c()U])ling, C would not be able 

O ^ 

— > y0^2 

to reach a sufTnaently grea.t amplitiuUi in its transmitter oscillations to 
su(a‘(‘(^d in its purj)<)S(*.:|: UndcM' tlu^se conditions, therefore, tuiUMl re- 
ceivers })r<)vide a mu(‘h gre^ater prot(^(!tion against intentional interf(U‘eii(;e. 

c. In regard to tlu^ ])rev(nition of interference between a number of 
filationi^ in the same g(MU‘ral vicinity, hU. us consider tlu^ following extreme 
case. Assunu^ two sta.tions A] a.iid A» wnry clos('. together at oiu^ place, 
Bi and /io similarly hx^ated at another placid (Fig. 395). Then we must 
distinguish clearly b(d,ween tho following two cases: 

1. The two si.atioiis at one place, say Ai and Az operate as transmit- 
ters of equal stnmgth, while those of tho other place Bi and Bz are both 
receivers (l^'ig. 395). Then, by suitable tuning methods, it can un- 

* Any wav(i nictor onipleyhig a wave indicator is siiitablo for this purpose. Most 
wave motors arc arranged ho as to ho suitable fur measuring waves coming in from a 
distance. 

t In view of tlio safety factor with which Ai and A a must operate for constant 
service. 

t That is, unless C c.ould come very near, to either Ai or A a. 
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doubtedly be arranged that Bi receives only i.i’s tolcgi'ams luid only 
those from A^, even if the frequencies of and As differ by only a 
few per cent. This in itself constitutes a great advantage for tuned 
telegraphy. 

2. If, however, one of the stations must receive while its neighbor is 
transmitting, the conditions are quite different. Thus let Ai and B^ bo 
transmitters, while Bi and A 2 receive (Fig. 396). 

Everything now depends upon the distance of Ai from A 2 and of Bi 
from Bi. If this distance is only a smaE part of the wave-length, it will 
be impossible for to get the telegrams from Ba without hearing the 
signals from its neighbor Ai whose waves have a tremendous amplitude 
at so short a distance from the transmitter. But if the stations A 1 and 

4 io — ^ >0-^1 

JiO< ^ 0^2 

Fig. 396. 

Az, as well as Bi and Bz, are relatively far apart, then of course sorvi(^o 
between the two pairs, AiBi and £ 2 ^ 2 , can bo luaintaim^d without 
mutual interference. Just how far apart the neighboring stations must 
be depends upon the ranges of the stations, the difference betwecui tluMi- 
wave-lengths, the sharpness of tuning of the receivers [Art. ISO] and also 
upon whether the transmitters are single or double wave transmit, tors, tl)(^ 
former being decidedly more advantageous.* 

If, even to the present day, frequent complaints of interfereucf^ 
between stations are still heard, imperfect design of the iransmitJ,(M's 
(high damping) and receivers is undoubtedly largely responsi 1)1 e for tliis. 
It must be remembered that with the great number of shore and ship 
stations now in operation it would have been impossible to maint,n,in 
even a passable service using the old methods, whereas witii juodern 
systems the service on the whole presents no great diffici.ilties. 

d. Stations arranged for tone trarismission and operating on tlu^ 
acoustic or mechanical resonance principle [Art. 185] are least a.lT(H^t(Ml by 
interference. For here interference need really be feared only if the 
disturbing transmitter has the same tone as well as the same wavci-lengtli. 

185 . Methods for Preserving Secrecy of Messages. — The fact tliat 
tuning does not in itself suffice to guard the secrecy of messagcjs is a great 
disadvantage! for many purposes (as in army and navy work). 

* The Nat. Elec. Sig. Co. (Fessenden) makes the following guarantee: Given 
three stations Ai, A2 and B2 of equal range. If the distance Ai—Aa is 1 jier cent, of 
the distance AS-B2, and the wave-lengths differ by 3 per cent., A2 will not 1 )(‘ disturbed 
by Ai. In fact with standard sets a difference of per cent, in wave-lengths is 
claimed to be sufficient to prevent interference. Reports of tests indicate that this 
company's apparatus really gives very fine results in this respect.^o®* 

t On the other hand this is a direct advantage for distress calls at sea, where it is 
important that as many ships as possible hear the call for help. 
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The iiitcvcoptioii of messages by stations other than those called, can 
be prevented to some extent l)y tek^graphing so rapidly tliat such 
rtilays as are customarily used will nut respond and only specially trained 
operators will be able to read the messages in the telephone.'*' Further- 
more the apparatus c.aii bo so ari'ttnged that the wave-length is easily 
[ind rapidly changed and tluui vary the wave-length in accordance with a 
prearranged program, pei‘haps autoimitically.t This method makes it 
very difficult for an uncalled listeiuu' to tune his receiver to the rapid 
variations, but it is of no ava-il against untuned, highly sensitive receivers. 
Pr^)bably all such methotls as those dc^scribcul must be regarded as more or 
less makeshifts, to be used only when absolui,ely necessaiy and whicli 
are successful only in special cases. The following, however, are im- 
portant offcMd-ive nu'thods for providing s(Mn*ecy. 

a, A galvanonud.cn- whose natural oscilhitions 'arc slightly damped 
(about like the Wimn vibration galvn, nometer) or a tek^phono having a 
diaphragm whosc^ initural osc^illations n.re slightly dainja^d or, again, a 
telephone combini'd with a. closed sph(‘ric.‘il r(‘S()nn-i()r-'^^“ is used in the 
n^ceiver. n'spond w('ll only if tlu^ freijiuMicy of the interruptions 

in tlie transmiUt'r is the saine ns ilx'ir own nat urn-1 i)(M‘io(licity. This is 
vteclKinical lun i n<f. J 

The inlcnsijirr^^ of Mu^ TnnniaJNKKN Fo. wil-h its osc/illating 

anmiture [Arl. 1(>()/;| also Ix'longs to tiiis cln,ss of n.pi>arn-l.us. 

In all sikOi n-rrn.ng('nicn(s assuming that th(^ oscillating mechanical 
system is tuiu'd lo Mk^ discharge frcMpumcy of llu^ I ra.nsmitt(M*, the (uirv(^ 
of the oscallalions is lik(‘ that shown in 1^'ig. 1)15; /‘.c., th(^ a.mplitud(^ of 
the oscillations ris(*s gra-dua-lly, first n'a-ching its maximum a-fter several 
])(M’iods, the numlx'r of whic^h (k'pimds ui)on tlu^ <l(‘ci‘(mi(Mit of t-h('. oscillat- 
ing system; both this nuinlHU* of pc'riods a, ml tlu^ maximum amplitude 
increa,se as tlu^ (h'cnMmmt dcM'-nvisc's. 

Henan li('s th(^ (‘xi)lanation of wliy in a, II c,a-S(‘s of siu^h mechanical tuning 
t-he i^cfii^Uiocnri^s of the <tn'(Ui(jcincni dvpeoidH upon the rapidity of operation 
(/.c., of t(^k'gra-phing). l'\)r, in order to ta,ke full adva.nta,ge of the sensi- 
tiv(mess,ev(M*y signal must hist long enough for the oscillating system to 
a,ttain its maximum amplitude. If the b^k^graphing is done so rapidly 
that the dural.ion of the individual signals is not sufHcient to n’lach the 
maximum amplitude, th(^ sensitiv(ui(^ss will be corr(\spondingly reducetl. 

The decrement nuna-ining constant, the time required by the os(dllat- 
ing system to rea.<;h its maximum amplitude iiuireases as the period 
kmgthens, i,e., as tlie discliai’ge frequemy is reduced. For this reason, 
su(di devices for meclianic,al tuning were of little practical use as long as it 

*Thm inothod was tried at one time by tlie Mahcjoni Co. and by the 
Dli PoiiEST Co. 

t Thin method was adapted by the Telefunkkn Co. at one time. 

i The first proposal of such a method was probably made by A. Blondel. 
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was customary to work with low frequencies, as this greatly limited 11 lo 
permissible rapidity of operation. The adoption of high discharge! 
frequencies in the transmitter has made the use of mechanical resonance! 
in the receiver possible without any great detriment to rapidity of 
signaling. Nevertheless, even to-day the use of mechanically resonant 
receivers in conjunction with automatic transmitters operating at very 
high speeds offers great difficulties. 

h. Another method has been proposed repeatedly from the earliest 
da3^ of wiz-eless telegraphy. It is based upon transmitting each signal, 
say each Morse dot, not as a single discharge, but as a series of pciriodic 
discharges occurring at certain fixed equal intervals. The receive!!- is 
then so adjusted that it will respond only to oscillations occurring at th(!se 
definite intervals. 

Probably the only apparatus of this kind which were used in practice! 
were those of Andres Bull®®* and of Hovland.^®* They were! riitluM- 
complicated and will not be described in detail here. But it should be 
pointed out that in practical tests these apparatus gave good r(!siil(s. 
There can hardly be any question that these apparatus, wh(!n in-()])(!i'ly 
designed and constructed for reliability in operation, provide iiu ahiiod 
perfect protection not only against the “picking up” of rnessages by shilion.t 
not called or intended to receive them, but also against atmospheric dis- 
turbances; on the other hand it is just as true that their complicalioii 
limits these apparatus to certain special work. 

3. RECEIVERS FOR UNDAMPED OSCILLATIONS 

186. General. — ^For recording reception, for which thermal iuid 
crystal detectors and the Einthoven string galvanomcbu- (pliol.ogi-ii})hi(! 
method) are generally used, conditions are much thesaino for undamja-d 
as for damped oscillations. The secondary circuit of the receiver is made 
as slightly damped as possible, is loosely coupled to the antenna [see Art. 17f)J 
and may react in any way upon the detector*. 

But for telephone reception a decided difference is encountered between 
damped and undamped oscillations; the arrangements for re(!(!iviug 
damped oscillations, desci’ibed in Art. 165, can not bo used without 
modification for undamped oscillations. For in telegraphing a diisli of 
the Morse code, the excitation of the wave indicator would displace tin! 
telephone diaphragm from its normal position at the beginning of the 
dash, causing a click to be heard and nothing more, as the telephone 
diaphragm remains displaced in a fixed position just as long as the waves 
from the transmitter keep coming in and the wave indicator r(!mains 
excited. Hence dashes and dots could not be distinguished as both would 
be heard simply as clicks. 

This difficulty can be overcome by sending the oscillations out in a 
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series of '^wavc ti'ains” obtained by means of a kind of interrupter 
in the transmitter. It is much simpler, however, to provide the 
inievTU'pter at the receiving endj using it to alternately make and break 
the coiineetion of the wave indicator to the oscillating circuit. Then 
the telephone diaphragm is displaced at each “make^^ and returns 
to its normal zero position at each “break.” That is, the motion of the 
diaphragm has the same frequency as the interrupter. Consequently as 
long as waves strike the rec-enven', tlie tonc^ of the interrupter is heard in 
the teloplione, being audible for n^latively long and short periods as Morse 
dashes and dots are transmitted. 

In telegraphing with danrped oscillations, an interrupter would like- 
wise be needed it the discharge frc^qiunicy were above that (several thou- 
sand per secoiul) of easily audible sounds. This condition is easily ob- 
tained with queiK^hed spark gaps a.nd D.Ch operation, but to the Author's 
knowledge, ha.s luwcu* been used in radio-telegraph practice, being re- 
strictetl to radio-tc'h'phony. 

187. Methods Employing the Ordinary Detector. — a. Fig. 397 illus- 
trates diagra.nima,i.i(^a,lly one of tlu^ arrangcunents us(^d for the reception of 
undamptal oscilla-lions (V. I'oulsmn-, (h 
LouFiNz^-*'*). Th(^ (a)n(l(mser circuit dra,wn 
in li(*avy liia^s is tlie sta-ondaiy of the 
re(H‘.iver; it is as sliglitly (hinqual a,s possi- 
bles and V('ry l()os(‘ly cou})le(l to tins 
antenna, 'i'lus inl.(*rruptcr, U, whic^li 
ojHM’atc'S on tins ])rincipl(s of ikes e'hsctries 
bell or buzz(‘r, ab('rna,l('ly conneseits a-iid 
disconiusi^ls tins (h'Usctor and its a,uxili- 
a.ri('s to a-iid from tins s('(a)n(lary earcuit 
sevesral hundred tinuss jasr sescond. This arra.ng(Mn(snt <ain of courses be 
varied in a gre^al. numbe'r e)f ways. 

b, '^riiei inl.e'rru|)tesr usesel in this meslhoel is se)nustlnng mores than a 
neeasssary evil. It ha,s a, euM’tain eleserielesd a,elvanta-ge. 

It ha.s besesn she)wn that it is e)r tlie grcsa,tcsst imi)orUinces, both for the 
shari)nesss of tuning [Art, 18()c] as wesll as for range [Art. 076] to have as 
liitle damping as possible in the seseainelary. 

As long as tins destesetor is connected to the secondary, the energy (as 
long as it resniains in the vicinily of the critical value [Art. 1626] of the 
detector) which is not coiivei'ted or only partly converted into direct- 
curresnt enesrgy, is consumed in the detector. In the auxiliary apparatus 
and tlusir connecting leads eiusrgy losses can hardly be entirely eliminated, 
in spite of tins insertion of choke coils. 

But wlusn using an interrupter, no such loss can occur in the wave 
indicator or in the auxiliary apparatus whenever those are disconnected. 
The amplitude of the oscillations in the secondary circuit and hence the 
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energy stored in it, rise to a very high value. Then when the interrupter 
connects the wave indicator into the circuit, it is acted upon by an oscilla- 
tion of very great amplitude and almost all the energy accumulated in the 
secondary circuit is used for exciting the wave indicator. 

PopLSEN seems to have succeeded in reducing the decrement of the 
secondary circuit to 0.003 in this way.®°° This could not be attained if a 
wave indicator with its accessories were continuously in circuit. 

c. A further advantage of the interrupter is the possibility of pi*o- 
ducing a musical tone in the telephone by suital)lo connections and so 
obtain to some extent the same advantages secured by means of a tone 
transmitter with damped oscillations. 

188. The Ticker.®*^^ — a. The so-called ‘dicker’’ method devised by 
PouLSEN, in which none of the wave indicators described in ( Uiap. X 
is used, is shown in Fig. 398. Here U is the interrupter and the sc^condary 
« circuit proper is drawn in heavy black liiu^s. 


I C' is a very large condenser of sev(a*al 

^ tenths of a microfarad cuipacity, wliih^ 

* rn ^ thousandths of a micu'obirjid 

= = C' 1=0 2^ capacity. Many modifications of this ar- 

rangement have Ijoen devised.'^ 

6. The basic idea in PouLSEN^s iu’rangi^ 
ments (Fig. 398) is as follows: As long as 
Fig 398 condenser C' is disconnectcul from Ihn 

oscillating circuit the latter acuuimii- 
lates a relatively large amount of energy. Then, wlieii th(^ (l(^k(M• 
connects the large condenser C' in parallel to the small (iomhmsen-, T, r' 
takes the major part of the current and of the stored eiun'gy, so i.lnit 
it obtains a relatively high charge, which upon discharging through t.lu^ 
telephone, T, causes a click to be heard in the latter, l^lven t.hougii tlu^ 
procedure may be somewhat more complicated in ifs (hdails t-ha,n lunu^ 
outlined, the essential features of what occurs are as just describ(‘d. 

c. The sensitiveness of this arrangement for tolephonci :i*(Mu^l)liou 
seems to be greater than for methods using any of ihn best wn,v(^ (hh.c^cd-ors 
described in Chap. X. The latter all have a low efiiciency, t.c., the 
direct-current energy delivered by them is only a small frn,ci.ion of i,he 
high frequency energy supplied to them [Art. 1026]. Too great a loss is 
involved in the double transformation, first from cloc.triiuil energy to 


*The following arrangement (Telefunken is very iritcn’OHthig. TIio 

interrupter U in Fig. 398 is replaced by a rectifying detector allowing (uirr(«ifc to flow 
in one direction only. The interrupter is inserted between C' and tlio telo])h()ne T, 
The unidirectional current flowing through the detector charges (•.ondenser f wluc.li 
can not discharge through ^2 on account of the detector. As tlio interrupter alter- 
nately connects and disconnects the telephone T to and from condenser the 
latter discharges through the telephone when they are connected and is recharged 
when T is disconnected. 
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heat and then back from heat to electrical energy. In the ticker, on the 
other hand, there is practically no real energy transformation, for the 
charge luoinentarily stored in condenser C' (Fig. 398) is directly dis- 
charged through the telei)hone. Occasional irregularities in the inter- 
rupter, causing the '^inake” and break” to occur at the wrong instant, 
will have l)ut liUle effect in reducing the efficiency if the condenser circuit 
C /82 (Fig. 398) is only sliglitly daiupcMl. 

With good consi.ruction of tlie interrupter, its operation is said to be 
very regular and nOiable. On the other hand, it does not seem possible 
to obtain a pure tone in tlui teh^plione and so sec.ure the same freedom 
from atmos])heric disturhjuices with the ti(^ker as is obtainable with the 
tone transmitter [Art. 1S3/;]. This (U)iistitutes a serious disadvantage, 
particularly in the t ropicus. 

189, Construction of Interrupter for Ticker Method. — The constriu^- 
tioii of a (jood i)ra.(^t-i(i{d iiitcM'rupt.cu* for use in the ticker systems, is not so 
simple as miglit at first sight appc'ar. 

a. The a.rrang('m(‘nt , wliic.h is ])rol)a,bly in widc^st use at present, is 
shown diagra,mmati(^a,lly in Fig. 399: /ms an eletd.romagnet facang tlui 


f (7 ji 


i . / 


u 1 Lui j 

-m 





sma.ll a.rmat.ur(^ c, whi(‘h is vibrated, just as in a.n 
eh^edric l)(*ll or buzzia*, by a ba-tUay coniuMited to tln^ 
winding of t lu^ magiud. spring d, on whi(di th(^ 

armature is mount(‘d, is fasUaual to a. i)la.le having a 
slight spring to it. ll(*s(ing on this plal(^ is a. small 
pi(M*e of tmdal, c, to which a, tiia^ gold wiiH^, /, is at- 
tacdual. d'his gold wir(^ t.og(‘(h(‘r witii tbe sma.ll 
adjustable wire brush, //, constitutes the^ tic.keu* (con- 
tact. 

'^riie sensitiveuKSS of ibis a-rrangeaiumt eaui be in- 
cr('as(‘d by using a. teb'phone^ diapliragm of low damp- 
ing to whose^ natural oscillalion the tieduM’ is tuiUMi [s(m^ Art. ISfm]. 

h. L. \V. Austin*’**'* has (h'sea’ilxal a. rotary ialvrraptvr whiedi is said to 
b(‘ ])a.rticula.rly wedl suited for use^ in conjumdion with th(^ titdua*. It 
consists of a. highly polisheel (a)[)p(a* or niedvel dis(i which is k(^i)t in 
rota.tioii, whiles a, line (a)])[)cr wire brushes against tlie disc under very 
light- ])ressur(^. 

190. Special Arrangements for Undamped Oscillations, — a. '^riio 
hivrodynoj rcxuuver of It. A, FKssiONnnN.^**'^ "^riic principle of this 
reexuver is well illustrated l)y the following description of one form in 
whi(di it has been construct-(ul. The telephone, instead of having the 
usual perma-iKuit magnet, has a core of fine iron wires within a winding 
and inst( 5 ad of an iroji diaphragm, has one of mica carrying a coil of fine 
wire. 

Tlui os(d]lati<)ns indiuxul in the receiver by the incoming waves are 
led through the coil in the diaphragm, A high frequency current, whose 
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frequency, differs somewhat from that, iV, of the incoming oscillations 
is sent through the winding of the electromagnet. 

The force* exerted upon the diaphragm coil by the j&eld of the iron 
wire core varies periodically. Consequently, the telephone diaphragm 
oscillates at a frequency which = iV — iV', as will be evident from a 
simple consideration of the facts. Hence, if JV and iV' are so chosen that 
the frequency equal to their difference lies within the range of audible 
tones, this tone, N — N\ will be heard in the telephone. 

6. R. Goloschmidt’s®®® method. The principle upon wliich this 
method is based is easily understood from a consideration of Art. 122. 
The oscillations, of frequency iV, which are induced in the receiver by the 
waves from the transmitter, are led through a fixed coil {S in Ji'ig. 201). 
In the revolving field of this coil there is a movalde coil, R, whicli rotates 
at A' revolutions per second. Then there will be induced in this movable 
coil a current of frequency N — JV', which under proper conditions can 
be heard in a telephone, even though N and A' individually lie far outside 
the range of audible tones. 

In practice, of course, the fixed and movable coils, H and ai'e re- 
placed by the stator and rotor respectively of a high frequ(mc,y generator. 
By adjusting the speed of the machine, the rotor currents are made 
audible in a connected telephone. 

191. Practical Achievements. — a. The question, to what exi.cmt 
tuning the receiver can prevent disturbance from otfier stal-ions a.nd 
secure privacy of messages when working with damped osc^illations was 
discussed in Art. 184. The question now arises whetluu- the use of 
undamped oscillations will materially alter these conditions. 

In regard to securing secrecy of messages it is evident from Art. IS-ln, 
alone, that undamped oscillations have a great adva,nta.ge oven- damixal 
oscillations; for the lower the amplitude required to attain a given range', 
the more difficult it becomes to “pick up^^ a tch^grani. 

For this same reason it would seem that undamped oseallalioiis 
should also provide a greater protection agaijist intentional disinrbance 
by other stations. Actually, however, this advantage is not voiy gre'at 
when compared with well-designed stations operating with dampeul 
oscillations. 

h. In regard to interference between two stations (and the sn-ino 
applies to the use of undamped oscillations in multiplex telegraphing), wo 
would expect that undamped oscillations, in view of the very loose 
coupling in the receiver and the very low clamping of the secondary cir- 
cuit, would offer very decided advantages and secure particularly sharp 
tuning. And this would undoubtedly be the case if the same conditions 

* Or rather, to be more exact, its mean value during one period. Of course, lihis 
force varies continuously during each period, but these rapid variations do not coino 
into consideration for the motion of the diaphragm. 
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obtained in the transniitter as with damped oscillations. But in practice 
the frequency of the undamped oscillations is never quite constant, 
whether they are produced by a high frequency alternator or by an arc 
generator. As to just how much the frequency has been found to 
fluctuate in the high frequency alternators which have been built to date, 
nothing has been published so far as the author knows. With the a]*c 
method, it seems that a sharpness of tuning fully as good as, but not bettor 
than the best obtainable with damped oscillations can be secured;* and 
there is no need for any still greater sharpness. 

* P. O. pKnEUSKN’**” statoH that, in tlio niotliod of transinittinf*; used by him [Art. 
127c] a dii^soiianoo of yi par (iont. in Mio tnin.siniil(Hl wave siifliocd to provoJit recep- 
tion. This woidd iiidieato a very great shari)ness of tuning. 


22 



CHAPTER XIII 


DIRECTIVE TELEGRAPHY 

192. Characteristic of the Distance Effect. — Tho object in vi(nv in 
‘‘directive telegraphy’’ is to so confine the radintion of waves from the 
transmitter to a narrow or rather an acute angles, that only re(*.(uv(M*s 
located within this angle will be in the path of tho waves. Ac^tual acv 
complishment, so far, consists in transmitters whoso waves radiating in 
different directions have widely differing amplitude's. 

a. The following method is convenient for obtaining a picture or 
''curve” of the power of any given transmitter to direct its wav(\s. Tho. 
amplitude of the waves is measured from point to point on a olvrh. (of 
suitable radius) whose center is at the transinittcu' and the values so 
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obtained are plotted as vectors in the directions or angl(‘s (^on‘(^sp()nding 
to each amplitude (Fig. 400). The curve obtained ))y joining tlu^ (mkIs 
of the vectors is the “characteristic of the distance effect” and giv(*s a 
simple picture of the usefulness of the particular transmitter for din^’i-ivc^ 
signaling. 

It is self-evident that the cliaractcristic of all symmc'.tric^al, v(M-tical 
transmitters is a circle. If the charackn'iatic is of tlu^ form sliown in t'ig. 
401, the obvious conclusion is that the transmitten* in question emanat(^s 
waves in all directions, but its effect in tho diroc.tion aS 7^ is (n)nsid(n*ably 
less than in all other directions. The case illustrated in l<'ig. 402 is nim^li 
more desirable for directive transmission; no waves arc sent out in the 
direction aSB, practically all being concentrated in tho diroedion BA, so 
that in directions diverging even only very slightly from aS'A, tho (vllect 
is very much less. A transmitter having this charactcvristicj would Ix^ a 
practical solution of the problem of directive telc^graphy; its (iff( 5 ct would 
be confined to an extremely acute angle. 

h. For detectors which react upon the current effect^ reception d(v 
pends, not upon the amplitude of the waves, but upon tho square of the 
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amplitude. Hence, to obtain a picture of the distance effect of a trans- 
mitter with respect to a receiver of this type the squares of the wave 
amplitudes in the different directions must be plotted as vectors in the 
diagram. The characteristic of amplitude squares is distinguished from 
that of the amplitudes in that it is much less like a circle in form* and, 
therefoi'c, is much better suited to the purpose in view. It follows that 
detectors which react upon the cuiTcnt effect, as, c.{/., thermal detectors, 



Fkj. ‘101. 


are much lu'lbM’ adapt(‘(l for .din'd iv(' sigmiling tliiui lhos<^ wliose a(dJ()ii 
depends u])()ii amplitinh^ (lirsi. ])(>w(‘r) of lire oscillations [s(je Art. 
l()3a|. 

In what follows, llu^ simj>l(^ (*]iarad('ristics (tii'st |)owers of Mie ampli- 
tmles) ai'O p]ol!(‘d ( hroiiglioiit-, as tli(*s(^ (but jiot (lu^ scpnirc's of tln^ 
amplitude's) also s('rv(' as a <lir('ct m{*a.sur(^ of IIk'. rang(^ of tlu' InuisniitUn- 
in the various din'd ions (s(‘(* c). 

c. Tlu^ (^liarad('risti(^ of a iransmittc'r gc'iuMwdly depc'uds upon th(^ 
distanc(r|’ at which tln^ amplitudes an^ nu'iisured. Si.rictly spe^aking, 
th(M’(^fore, W('. (\an only ri'ler to th(^ (diM.ra.(d.(‘risti(; of a transmitter at a 
(jivvii dislancr, 

l[ow('.v('r, as tlu^ distances l)(M^om(^s v(*ry gn'at in (comparison with tha. 
wav(vl(‘ngth (‘inployc'd, thc'ii, in g<'n('i*al, furtlucr imcn'jisc's in the distance 
will have litth' or no dlVcct U|)on tlu^ shaja^ of the charaideristic. Ilemce, 
wo are jiistihed in sp(c:iking of “tlud^ long disl-aiKte dnu'accteristic of a 
transmittecr. This same chamvlvrislic can also be obtained by plotting 
tlui rangevs of tlu'. transmitter (for a given recceiver) over a highly con- 
ductive ground:!: as vecitors in the vailous directions. 

But for distan(C(\s which arc^ not large comparted to tlic wave-length, or 

* Thus, if tlui rat io of thci hnigtliH of two veuctors in tlu^ amplitiuUi (?liara(itcriHl.i(c ia 
1 : 2, tli(cn it will btc 1 : 4 for l.litc (corr(*.H])on(ling v(i<Jtors in (.Ihj c.hartKcUM'iHtic of iheHfiutinw. 

t In this and what follows Mio (ciTcct of tlu^ distrilnitlon of land and wat.(u* and otlnJi* 
kxuil iufluoncoH upon tlu^ (iliaracfcciristitJ is not taken into acjcount; tlio ground is as- 
Slimed to b(j liomogiciKcous in all directions. 

t Otherwise absorption would complituite tho eumlitions. 
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perhaps even shorter, the shape of the characteristic is largely dependent 
upon the distance. Consequently a characteristic determined by 
measurements relatively close to the transmitter gives no definite indica- 
tion of the long distance characteristic and can not serve as a measure of 
the ‘practical usefulness of the transmitter. A transmitter whose character- 
istic at a short distance appears very advantageous for directive signal- 
ing, may nevertheless have a long distance characteristic which is almost 
a circle. 

1, THE FIRST ATTEMPTS 

193. Use of Reflectors. — To attain the almost ideal case roprosonted 
by Fig. 402, an adaptation of Hertz’s parabolic mirror method as 
employed in his well-known experiments, readily suggests itsedf. In fact 
it has often been proposed to use such reflectors of sheet metal or wires 
to send the waves out in a single direction. Marconi also conducted 
some early experiments with reflectors. 

This was reasonable enough as long as it was customary to work with 
very short waves. In modern practice, however, the wave-lengths em- 
ployed range from 300 to 6000 m. or more. A reflector, to liave tlu^ 
desired result, as obtained in optics or in Hertz’s experiim^its, would 
have to have dimensions commensurate with the wave-length. This 
requirement is suflicieiit to eliminate the practical use of reflectors for t lie 
wave-lengths in question. 

194. Attempts at Screening, J. Zenneck. — A characderistii^ of the 
kind shown in Fig. 401, i.c., with very little radiation in oiu'. diriud.ion 
{SB in Fig. 401), was obtained by the author as early as 1900 in the 
following manner. 

At a station, A (Kugelbake, near Cuxhaven), two verth^nl wir(*s, 
did 2 (Fig. 403), about 30 m. long were suspemded about 6 m. apart. 


A 



Fig. 403. 


The receiving station, B (Altenbruch Lighthouse) was situated about 
9 km. from A and nearly, though not quite, in line with djrfa. With 
only one aerial wire in use the messages sent out could bo wcdl under- 
stood at the receiving station, but at twice this distaiuie rec(‘.])tiou was 
no longer possible, so that we were working with a saf(dy factor of a bit 
less than 2. The following tests were then mad(U 

1. dx used as transmitting aerial, not grounded; the signals wore 
clearly audible at 5; 

2. di again transmitting, d% grounded; no roc(^ption at B] 
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3. do (h groundod; signala clearly received at B. 

From 1 and 2 it was concluded that it is possible to greatly reduce the 
range in a given direction by means of a grounded wire parallel to the 
transmitting aerial; from 3, that this does not materially affect the range 
in the opposite direction. 

The results of the experiment loft no doubt that, e.g,, a station A 
(Fig, 404) can send telegrams to another station 5, while a third station 







Kui. 404. 


at the sanu^ distance as /i, (l<)(\s not r(M^(uve these messages, if wire di 
at A is usetl as the transmitt(‘r, <ln is grounded and d.j is insulated from the 
ground. Iiisubiting (hi and grounding do rev(n'ses tlie conditions so that 
Cj and not />\ nuudves. 

These tc^sts w('r(\ tak(m up by the Tiolukifn ivION' ( 'o. «‘it a later date and 
the results verilit^d. It was Ikm’c^ shown tliat an essential facd.or consists 
in having tln^ sca’ciming a('ria.l tuiu'.d to tln^ tra-nsmitUa* i’nuiuency, whicdi 
condition wa,s r(‘a.lly fuKilhMl in tlu^ t<^sts wlnm tlie seaxuming aerial was 
grounded. TIu'se t('sts were not carried out far (mough to form definite 
conclusions of just what can 1)0 a.c(^omi)lished in this direction.* 


2. METHODS EMPLOYING SEVERAL ANTENNiE 

196. The Field of Several Antennae. — General Consideration. — If 
two V(n’ti(^al a.nt(mme, oscdllating at the same wav(vlengt}i, are. a given 
(listam^e apart, then the amplitude of the resultant wave produced by the 
two anteniuo is mwcu' uniform in all directions, whether or not the 
currents in the two antenna) are in phase. At any distant point P 
(Fig. 405), the two waves which arc there superimposed have traveled 
different distances and in view of this difference {AD, Fig. 405) they are 
7 U)t in phase with eac.h other [Art. 206], This phase difference <p — as- 
suming the currents in the two antenna) to bo in phase — is proportional 

* The explanation of the action of this arrangement lies partly at least in the fact 
that the transiuitter induces oscillations in the screening aerial whoso phase is dis- 
placed from that of the transmitter oscillations. 
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to the ratio of the difference in the distance traveled to the 
as given by 


<P 


AD %rd 

^T-r 


cos 




wave-length, 


where the angle i? is a measure of the direction in which 1.1ic point P Ih's 
and d is the distance between the two antennse. 

But this phase difference, <p, and hence also the angle i9, affeci, (,lie 
amplitude of the resultant field at P, which is obtained from l,lie in- 
dividual amplitudes by means of the familitu' vector diagram, '^riius in 
Fig. 406, the length of vector OB is proportional to tlu! amiilitiuh^ of tin* 
field at P due to antenna B, while vector OA repi-csents Mui fi(?ld du(( io 
antenna A', angle BOA is equal to the dilfercnce in jiluise laitwi'cn 
two fields,* i.e., in this case, it is equal to tlic phase dilTenmce, of (.lie 



A 



two currents in the antennse A and B, plus tlic plnuse dilTerence in (lu, 
waves tp caus ed b y then- difference in travel. 'I’lie diagonal (H' of ilin 
parallelogram OABC represents the amplitude aiul jihase of I, be resnllant 
field at P. 

From this construction it is evident that the length of OV. and, hence, 
the amplitude of the resultant field at point I* depend upon ( he angle !p 
and therefore upon the direction of P with respect |.o .-1 B.'\ 

196. The Field of Several Antennae. — Special Cases.=""'— 'I’lie follow- 
ing special cases, involving two antcniun alike in all rceprrte, are of iiar- 
ticular interest: 

1. The currents in the two antennte are (upial in nhaH<^ ('I' — and 
amplitude. 

2. The currents are of opposite phase (vp = 180“), the amplitudes 
equal. 


^ * I’ll® f®a,thered arrow in Pig. 406 iuilicatuH the (lircdt, ion of '‘leiwl i] 

m antenna A “lags” behind that in B by the miglo 4^ 

t If the amplitude of the fields of both antenna urn n,,ual to each othn 
Ea, then the amplitude Er, of the resultant field is given )iy 


Era = 2jBIo cos 


<p “ 1 “ 


= 2J?o cosj^”^ (lOH -I- 
which also determines the characteristic of the distauco olIo«t“” 


and am 
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3. The currents have equal amplitudes as before, but their phase 
displacement, 'F, is so great, that their resultant effect is neutralized 
either in direction OA or direction OB (Fig. 405) in the plane of the 

antennsa. For this purpose the value of 'F must be cither tt or 

A 

ir + (Fig. 405). 

a. If the currents in the two antenum are equal in both amplitude and 
phase ('F = 0), then it follows directly from Art. 25c that in a direction 
perpendicular to tlu^ plane of the ant(Muuo (d = 90° or 270°) the resultant 
amplitTidc is simply the sum of tlu^ individual amplitudes of the two 
fields, ix.j the anqditiKh^ of the resultant field = 2Ao, if Eo is the 
amplitude of the iield of (^a(^h anh^nna. In the plane of the antoipue, the 
resultant amplitude is not tiu'. algel>raic sum, as a phase difference, 
^TTil 

(p = exists here; accordingly the resultant amplitude is always 

less than 27i\i, b(u*oniing sinalhu* iis the jfiiase difference tp approach(‘S 
180° (tt) or, ill o(-h(‘.r words, as tlie distance d between the antemue 

approaelu'S 



In Figs. 407 to 409 the distanci^ effect characteristics of such a pair of 
anl-emue arc drawn for various values of d, viz., ^ iii I'ig* 407, 

d — \ in Fig. 408 and d = X in Fig. 409. Obviously this arrangement 
A 

is suitable for dir(u?tivo signaling only when the distance between the 
antenmo is about oiu^-half the wave-huigth. 

h. If the c/rrr(^///..s* in the two antemm are equal in amplitude, hut have a 
phase dijjerence, >F nj 180°, the two fiidds neutralize eacdi other in the 
direction perpiuulieular to the plane of the antenme. Furthermore, the 

* In that tho iiniplitudo of the resultant fiolcl and the cliaracteriatic of the 
distance olloct arc given by 

Fro =* 2Fo cos I « 2Fo cos cos 
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distance effect characteristic* depends largely upon the distance between 

d 

the antennse, d, as compared to the wave-length. If the ratio ^ is very 

small, the characteristic practically consists of two circlesf (Fig. 410). 

Even if d == ^, the characteristic is not much different from this form 

(Fig. 411). But if the distance between the antenna) is further increased, 
the characteristic becomes less favorable for directive telegraphy; thus 
Fig. 412 represents the results obtained if rf = 



small) the characteristic has a relatively advantageous form. One thing 
however must not be forgotten. The amplitude of the el(u^tri(? in l\u) 
plane of the antennse, which in fact is the 7naxvmuvi amplitude izi this 

case (and for values of d up tO“j, is 2Eo sin Accordingly it and, 


therefore, the maximum range and practical value of the arraiigzunent 
are greatly reduced as d is decreased. 

c. In the third special case under consideration, where tlio ])lias(^ 
difference between the two antenna currents is so chosen that, t.lu^ir 
resultant effect is zero either in the direction OA or in the direc^tion OB 


(Fig, 405) in the plane of the antennee ('I' = tt ± 


2^t 

T 


') , the cliaract(n’isti(^s 


obtained have a distinct difference from those obtained in tlu'. ot.lnn' t-wo 
cases. The latter always consisted of two symmetrical halves, so t.hat 


* The characteristic is determined by the equation 

Ero “ 2Eq sin == 2Eq sin cos 

t This is evident from the fact that for this case wo can write; E„ ss; 2K. 
wd 

approx. = 2 j^o cos d- approx. 

J This amplitude is 

X 1 for d ^ X 
2Eo X 0.71 for d « H ^ 

2Eo X 0.31 for d =» Hq ^ 
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the same ranji^e is obtained in any two directions 180° apart; the arrange- 
ment is said to be ‘‘bilateral.^* Transmitters of the third class however arc 
“unilateral,” i.e., the ranges in any two directions 180° apart are different. 

In Figs. 413, 414 and 415 the distance effect characteristics* are given 
for the following cases: d < ^ 2 ^ (Fig. 413); d = J^^X(Fig.414); d = 
(dotted curve, Fig. 415); d = ^yX (full line curve, Fig. 415). 



Fig. 413. Fiu. 414. Ym, dl5. 


Just as in case h the cliara(4.eristic becomes unfavorable for directive 
signaling in this case also, as soon as th(i distance between the antenna is 
niademorethanone-fourthof the wave-length, wlu^reas very small distances 
between the antenine are very advantageous. But, again as in case the 

d . 

maxinnuu range is rediujed at the same time as the rallo ^ is decreased. 

197. Double Antennae, One-half Wave-length Apart (S. O. Buown, 
A. Blondel, J. Htonk Stonw'*"^). — a. (?ase <lis(uiss('d in Art. IDO/;, 

which is particidarly advantn,g(M)us both with i‘('sp(M*t to directive power 
and ranges — two similar antcMime jJacaul a half vvav(vl('ngth apart, with 
their (airrents of ecpial junplitiuh^ but opposites phase — has been fre- 
quently proposed sim^e ]S()D, by various ('xp('rim(‘nt<‘rs. ToprodiK^etlie 
oscillations the anteniuo are joiiu'd at tlnar base's, A and 7i, l)y a conduct- 
ing circuit whi(^h is suitably couph^d [Art. lD8aJ to a condenser circuit. 
This arrangeuH'ut is not entirc'ly idcndh^al with the (ijise tliscussed in 
Art. IDO/;, for to th(^ (4T(M4i of the v(M’tical a.nt('niiie A(^ and Bl) is added 
that of the horizontal portion ABj whi('h uiuhu* certain coiulitions 
[Arts. 203/; and 2()0J may be quite considerable. 

It is almost s(b*-evid(mt that a pair of antemrue of the kind just de- 
scribed will serve for directive rec^ption^] ix., will respond with varying 

* If tho pliaso rlilha’cncQ Is ho oIiohoti that tlio fitjlds of tho twoautormio neutralize 
each other in tho cliro(4.iou OA or OB (]'’ig. 405), tluiii wo have 

Ero = 2A’o Hin[ (noa - l)]or E 2J?„ am[”' (ooa ^ + 1)] 

For small values of ^ these equations may bo simplified into Evq = 2Eo , ^ (cos 
t?T1). 

t For this purpose a detector circuit is coupled to the antenna pair at tlie anti-node 
of current. 
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intensity as the direction of the approaching waves varies. wav(^s 

whose direction is perpendicular to the piano of the aul.eiiiiai, iiuhuu) 
potentials of equal phase and amplitude in both an(.e)uuo, so (hat th(vs(i 
would neutralize each other and produce a zero effect in the sysl t'm sliown 
in Fig. 416, But waves approaching in the plane of tlie. aidcaiiiav — if 
their wave-length is 2AB (Pig. 416) — ^induce potoutials of opposite i)liiise 



in the two antennae, so that theu’ effect upon tin; oscnllaloiy system is 
additive.* 

h. A somewhat different form of the double antenna (l''ig. -117) lias 
been proposed by A. Blondel.'’”® When used for transmission, ( lie same 
condenser circuit is coupled with the coils 8 and 8' in such manner (ha(. 
the currents in the two antennas will be of opposite diia'clion. 'I'hen, so 


c n n' c‘ 



far as distance effect is concerned, the currants in the verlJcal iiarls A H 
and A'B' entirely neutralize each other, and all thal, remains is (he effeci, 
of the currents (of opposite direction) in parts Cl) an(U/7>' (whose dis- 

♦ The distance effect characteristic, at least for the vertical iioitimis of t liis tlmilile 
receiving Mtenna, would be the same as for the antenna jmir when used for Imimiiit- 
iing, as will be readily understood by reveruing the conditions in the discussion of 
Art. 196. 
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tanco apart is made about equal to a half wave-length) and of the cur- 
1 ‘cnts in the horizontal portions BC and 

198. The Methods of E. Bellini and A. Tosi.*^'’® — a. Bellini and Tosi 
have also adapted the case desci-ibed in Art. 19(35, using two antennae 
with currents of equal amplitude but opposite phase, but the distance 
between their antennae is sometimes only slightly, sometimes much less 
than half the wave-length. Instead of being vertical, however, the 
antenrue are slightly inclined (Fig. 418). This arrangement has the 
advantage of being more (easily susi^emh'.d fj'om a dnijlc mast. When 
located over ground of very high condiuitivity (sea water) the action of 



1m(i. 4 is. 


such a pair of incliiKul aidmiiue is not much dilTca’ent from that of a 
vcn’tical pair of llu'. mnn\ luMglit, but sonunvimt clos('.i- tog(4her (as 
rei)reseuted by the dasli-and-dotUul lines in Fig. 418). But over ground 
of relativ(4y low (iondiu^tivity, tli(^ (listn-m^e (4Te(^t (haract(‘ristic. is apt to 
be considcn’aldy dilTen'ut from that obtained with two vertical antenmn 
ls(u^ Art. 2051. In this last case the horizontal portion AB (Fig. 418) is 
lik('.ly to have a matcuhd elTect. 

In order to obtain oscullations of opposite phase in the two inclined 
antenna), Beijjni and Tosi make use of the iicco7d upper harmo7iic^— 

* Corrospoiiding to iho s(«^on(l upper harnionuj shown hi 3''ig. 34. Thofunrlamontal 
oH(nlhition, in which A' ABB* is equivalent to ono-lialf tlio wavo-longth, can also bo 
used for this purpose. 
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third harmonic— of the entire system [Art. 22] (Fig. 418) . F'or any givi'ii 
distance between the inclined antenna, the upper harmonic is c.btauKMl, 
say by inserting self-induction (or perhaps condensers also) of .suital)li^ 
dimensions. The oscillations are then induced by means of a cond.wiser 
circuit, CB, Fig. 418, tuned to the frequency of the desired harinonu!. 

When this arrangement is to be used for rece'ption, the condenser cir- 
cuit is replaced by a detector circuit. The system then reacts witli tlui 
greatest intensity upon waves whose direction lies in the plane of tlie 

antenna. , - 

h. With the arrangement of Fig. 418, the direction of maxiinuin wave 

amphtude lies in the plane of the antenna. If this direction is (.o be 

I 

I 

I 

I 



I 

I 

I 


u 

Fio. 419. 


varied at will it is necessary to turn the entire system, would 

impracticable on shipboard and particularly on fixed hind *sijiti(>ns. In 
view of this, Bellini and Tosi have introduced another iiud-hod for 
obtaining the desired result.* They combine two pali*s of iuiteiiiue (AH 
and AiBij Fig. 419), each being of the form illustrated in 4 IS, so that 
their planes are at right angles to each other. Biinihirly the (X)upling 
coils S'and jS" (Fig. 419) are arranged so as to bo porpoiidicnilar to ea(!li 
other. The coil S, which is part of the condenser circuit C^S, uh(mI for 
excitation, can be rotated within the coils /S' and /S", 

If, then, the distance d between the antenna) is small <^ouipar(‘(l to Ihe 

wave-length (d^ [Art. 1966] a very simple calculation'*^® will bring out 
the following facts: 

1. The direction of maximum range lies in the same plane as (U)il 
* A. Blonpel®^® has also proposed other methods for securing tlio sanio rcHults. 
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A?;* the amplitude of the waves in this direction is always equal to the 
maximum amplitude of a single pair of the antennse, independently of 
the position of S. 

2. The distance effect diagram has the same form, that of Fig. 
410, for all positions of aS, and consists of two tangent circles, whose line 
of centers lies in the plane of coil S. 

But if the distance between the antennas is greater, d being from 

^ to then condition 1 is retained, f.c., the direction of maximum range 

lies in the plane of and can be varied at will hy rotating Sy tlie 



for ^ = 0° and == 0()°t l^'ig. 420, which gives the maximum ampli- 
tudes for all the diffei’ent positions of Sy i.e.y different values of (Fig. 
410)]. Tlie distau(!o effect characteristic is also changed somewhat, in 

* When IIh^ho all tennuwini niouiiUul oa Hhipboard, tlio iiictiillio inaSHOs in tho ship 
and parl-idularly Uhj tiro a.p(i to alhjc.fc tho distribution, so that the direction of 

tlie inaxinuun wav(^ amplitude no lonsor eoiiujides witli tluit of coil S, Then 
(Mnj)iri(ial calil)ratiou of thc^ radio-gojiiomotor is necessary (see what follows). 

t 'rhe maxiimim amplitud(^s for those two cjises diff(U’ by per cent, when d « 
and l>y per cent, when d - 
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this case, as the position of S is varied. This, however, is not of great 
practical importance.* 

Bellini and Tosi have combined the two coupling coils, aS' and jS" 
together with the movable coil 8, in a single apparatus called tlie trans- 
mitting “radio-goniometer’^ (Fig. 421). The two coils 8' and 6"" 
(Fig. 419) are wound on a cylinder inside of whicli 8 rotates. 



Fig. 421. 


Foi’ the TCCGptiou of waves tuned to the gonioiiuhii^r, the so-c-allod 
''receiving radio-goniometer^' is used, which is the snane in [)ri]i(iiplc‘ as 
the transmitting goniometer, but whose coils arc wound with a different 
number of turns. The movable coil is joined to a dcitoctor (drciiit. A 
simple consideration of the action of the transmitting gonioiu(vl;(n’ with 
the conditions reversed for reception makes it evidemt tliat tlu^ riuieiving 
goniometer will respond with the greatest intensity to waves approciching 

* If the antennaB and the exciting condenser circuit arc (dosely coupled, two wav(\s 
will in general be transmitted,* their frequency, however, is not chnngiul as tho position 
of /S' is varied. 309 



mHECTIVE TELEGRAPHY 


361 


in the direction of the plane of the movable coil and that it will fail to 
respond when this direction is perpendicular to the approaching waves. 

The methods of Bellini and Tosi have been put to extensive practical 
tests ill France and seem to have given very satisfactory results. A 
large station has been erected on this principle at Boulogne. The aerials 




ai’(>! supporiod by inemis of 4 steel towers, ar(^ 30 m. high, 80 m. ai>artat 
tlu' ioj) and 127 m. a-pa.rt a t lUo’w basc^s. Tlie liorizontal iiortions (A />*, 
Fig. I IS) a-r(' S m. above Ihe ground and wavcvhMiglb is 300 m. The 
Boulogiu^ Slalion has comnuinicaitMl at niglit, using only 0.5 kw. energy 
with Algic'rs (1500 km.) |S(m^ Art. I 15/ in Ibis eomu'cl ion.] 


c, 'TIk' (lis(a.nc(^ (‘fleel (•hara-(‘l('i‘isl i<^ of l lie 
doubh^ a.nl(‘niue diseussc'd in a. and b luis (ia^ 
disa.dva,n(a.g(‘ of bc'ing bilab'ral, /.e., tla^ 
eileet in any two dinadions IS(F apa.rt is 
alike. A unila.((M-a.l (•ha.ra.(‘t(‘risti(^ is s('eur(*d 
l)y ])la.eing a simpler v(*rti(*al anl-cmna in the 
c(‘nt(a- of (h(^ ])a.ir of anUmiun shown in h'ig. 

41S, (,her(d)y obtaJning tlu^ arrangemumt illus- 
tra.t(‘d in I'dg. 422. If lb(i current in tliis 
iniddh^ a.?denna is in jiluisc^ with that in an- 
t<Mina BB'j tlu^ effect in the direction OB is 
st-r(mgthen(al, whih^ tlia,t in direction OA is 
wc^akemal; under suitable conditions, tlun’O- 
for(^, a distaiuio effiHvt (diara<*.t(a‘isti(j of the 
form of Fig. 423 is obtaiiKul, i.c., the ampli- 
tud(^ has a (handed nuiximum in direction OB tuid a decided minimum 
in direction OA. 

If it is desired to make the dirocition of maximum amplitude of this 
arrangemout variable at will, the principle discussed in h can bo directly 



Fia. 424. 
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applied for this purpose; to the radio-goniometer with its two pairs of 
antennse and their fixed coupling coils S' and S" (Fig. 419) there is added 
a simple vertical antenna (Oi), Fig. 424) whose coupling coil is viechaiiio- 
ally joined to the excitation coil 8 (Fig. 419) and, therefore, turns ivith S. 
This offers a simple means of varying the direction of mtixiiniim radia- 
tion at will, the distance effect 
characteristic being of the form 
shown in Fig. 423. 

If this arrangement is used 
without any modification as a 
receiver it will not have the 
same distance effect character- 
istic as it has when transmit- 
ting, as the potential induced 
in the central vertical antenna would not be in phase with one of the 
inclined antennsB. This must therefore be taken into consideration. 

199. The Methods of F. Braun.^^^ — One of the methods with wliich 
F. Braun experimented in 1906 is illustrated in Fig. 425. The ostalla- 
tions in antennse ^2 and Ss are in phase with each other, while those in 
antenna 8i are displaced 270° from the others. The amplitude's in the 
three antennse are proportioned as follows: Ai :A 2 : A3 = 1 :0.5 :0.5; the 

distance, A, between them is Calculating the values for tlio cliar- 

acteristio in this case (on the assumption of ground of v(‘ry high con- 
ductivity), the curve b of Fig. 426 
is obtained, i.e,, there is maximum 
radiation in the direction OA and 
zero radiation in the opposite direc- 
tion OB. This was borne out in 
the tests made by the very strong 
effect obtained in direction OA, 

In the opposite direction, how- 
ever, the effect, though very slight, 
did not entirely disappear.* 

Theoretically, even more ad- 
vantageous characteristics for 
directive signaling are obtained by 
means of four antennse suitably 
arranged (curve c. Fig. 426). 

200. Production of any Desired Phase Difference with Undamped 
Oscillations (G. E. Petit®^^). — In the methods of Braun, as well as 

* In one test, e.g.j the deflection of the measuring instrument used in tlxo receiving 
set was 30 scale divisions in direction OA and only 2 scale divisions in tho opposite 
direction. 
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in those discussed in Ai*t. 19Gc, the chief difficulty consists in exciting 
oscillations of a certain desired phase difference in the transmitters.* 

This problem can be solved very easily, at least in principle, in the 
case of undamped oscillations. 

An arrangement suitablejor this purpose is sketched in Fig. 427. The 
primary condemser circuit OiA'uS'i, in which undamped oscillations are 
induc(5d by means of a high froquemy generator or the arc method, acts 
inductively (coupling coils aS'i and aS'u) upon a second condenser circuit 
which is in resomuice with Consequently undamped 

oscillations are indu(H>d in the secondaiy circuit CsaSo/S's; but these are 90° 
out of pliaso with those in circuit CuSiaS'i. 

The pliuies of the two coils aS^. and aSo are at right angles to each 
other. As the (^unxmts flowing through aS^ and aSo are 90° out of phas(^, 
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a rotating magnetic field is pro( lucked 
in the space surrounding Mk^so coils; 
this field is cinudar in form if the 
dimensions and coupling of the two 
cond(uiser circniiis are so chosc'.ii t-Iutt- 
the magiK'tic fi(hls of each of the coils 
/Sh and aS^u are etpial in am])litud(^ If, 
now, two otluM* coils, and aS'.i, liaving 
an anghi 0 bc‘tw(‘.en tlu*ir plaiuss, are 
ins(‘rt(‘.d in fhis r()(a,ting ii(»ld, (hM^lro- 
inotive force's, luiving a iduise dilT(T- 
011(^3 (/j, will Ix^ indiKU'd in Uhmu. 

IbuKX'., if Sii and >S\i ani each coniu'.ctc'd to oiu' of two simila-r a,nteniue, 
the (airnmis in lh(^ ]a.tt(‘r will a, Iso luivc^ a. pha,s(^ differences 0. 

The am])litud(‘s of tins two ante'iina, curresnts thus obtaiiusd can also 
be give'U any (h^sirexl ?’a.li() by (housing the nuinbtu’ of tuius of the two 
coils aS'i and aS'o a.ccordingly. 

201. Production of any Desired Phase Difference with Damped 
Oscillations. — '.rhis fa.r more diflitadt jn-obleni lias Ixuni solved by Ij. 
MANi)m.s'rAM ajid N. PAPAunxi,*’''* whose method will be umUu’stood from 
the following (xuisidca'a-tion. 


Fkj. A27 


a. L(‘.t the (xmdemscM* circuit WCAChiiC^'F (Fig. 428) be caused to 
osca’Ilate. Ix^t V represent tln^ voltages betweem points B and A, Vi the 
voltage across the terminals of condenser Cij 8^ the c.m.f. induced along 
'AL\Cjy\B. Then, if the ohmic resistance is very low, V = Fi + 8i 
appimimately. 

V I leads the current — which is marked i in Fig. 429 and the following 


* Tho inothocl cuHfcoinary iti iilt(5rniithig current prac.tico (light and power) — ^vi/., 
branching off )x*.tweeu inductivo and noudndinvtivo resistance— is not applicable in 
this (taso, as tho non-iiiduc.tivo resistances would have to bo so groat as to increuso tho 
damping fat bcjyond pcrmissiblo limits. 

23 
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figures — ^by 90“ and &i lags behind the cuiTent by 90°. Their curves tire, 
therefore, about as shown in Fig. 429. 

h, Kow let the points A and B be connected through a coil of v<(ry 
great self-induction. The rapid oscillations of the condonsor circuit tlun 
continue just as if this cod were not there [Art. 416]. But during the l inio 
in which the condenser circuit is being charged by the induction coil (or 
transformer) the coil between A and B acts as a short-circuit across oon- 



1^1 

.A 

B — 


Cl 


denser, C, Hence, the potential 7i must have an initial value of zero, Jiiid 
cannot start at its maximum as shown in Fig. 429. 

Moreover, a constant potential whose amplitude', is equal to t lie 
maximum amplitude of the variable or alternating jiotential Ti of bdg. 
429 is added to the latter, so that curves V and V'l are raisiMl, appi'iiriiig 
as in Fig. 430 if 7io>8io, and otherwise as in Fig. 431. In the first 

when 7io>8ij„ which is equivalent to stating that - i.c,, t he 

coO I 




condensance of circuit ACiB is greater than its inductance, it is osscuil inl 
for what follows that t he maximum of potential V ocairn after half a period 
of the condenser circuit FC'ACiBC'Y. In tho second case, whic.h is of no 
interest in regard to what follows, the maximum of potential V ocoiirs 
immediately after the beginning of the oscillations. 

. c. Let another condenser circuit, 11 , be added to the arrangement of 
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Fig. 428, as shown in Fig. 432. Spark gap Fi is so adjusted in length that 
sparks are just able to jump across it whenever a spark passes across F, 
Condenser circuits I*" and 11 are tuned to be in resonance with each 
other. 

Then if a spark jumps a(Toss F, condenser circuit II and condenser 
circuit FC'ACiBC'’F will oscillate simultaneously. But the spark at Fi 
and, therefore, the natural oscilla- 
tions of condeiis(M- (circuit I do not 
begin until tlie potential Vi at Fi 
has reached its maximum, unt il 
half a period of condenser circuiit 
FC~MiBC''F has (‘lapsed. As tlu^ 
mitural period of this con(l('ns(u* 
cii’cuit can b(‘. adjusted within (‘(‘r- 
tain limits ]>y va-rying the c^oils 
/y'F", we have in tlursc^ a nutans of 
controlling th(^ ti nu^ (witliiii thos<\ 
limits) whi(^h will (‘la])S(^ lu^fore th(‘ 
oscillations of c-ondcMisca* {*ircui(. [ 
commences alter those', of {‘ii’ciiit JI 
have started, /.c., Ihc ninuis oj (jivnuj Ihc oficilhilfons of circuil T any desired 
phase (lisplairnirnt (within c.('rtabi hhiiits) from. Ihosc of chmil If, 

(L k\)r ca.rrying this nud.hod out in |)ra{dh^e, the following points 
should he noted: 

1. Above all the condition that > coLi must ])e scc.unMl. k''or this 

ojCm 

is (‘(|uivaJ(‘n(. to ma,king lln^ rr('<|uen(‘y of condenscir clvaxul FC' AC J^C^'F 
l(‘ss tlnui that of t^ondensca* ci remit 1 [Art. 5^]. 




2. It is a(lvantag(H:)us to have the resultant capacity of condemsers 
C' and (/" ecpial to that of Ci and of C 2 , as this inakos the efiiciemey of the 
entire system a maximum. 

3* The throe parts into which the system divides itself must have 
* That is 
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no appreciable inductive effect upon one another. Otherwise the various 
reactions which occur would be far more complicated than as stated 
above, 

4. To insure prompt sparking at as soon as the potential there is 
at its maximum, it is advisable to let the ultra-violet rays from s])ark 
gap F fall upon gap Fi or use some other means of ionizing gap Fi [Art. 
426], 

3. AERIALS HAVIKG HORIZONTAL OR INCLINED PORTIONS 

202. Marconi’s Bent Antenna. — M arconi^^'^ approached the pi-ob- 
lem of directive signaling in a way quite different from any of the methods 
described in 2. 

His method is to use an aerial consisting of a short vertical ami a long 

horizontal porlion, wliic^h in il,s 
simplest form appears as shown 
in Fig. 433. 

The mere fact tliat Makooni 
has shown that, at a distan(U 3 
of about one wave-length, this transmitter has a chara(^t(u-isi,ic of the form 
of Fig. 434t proves nothing (according to Art. 92c) in regard to th (3 (^flVct 
at great distances. However, Marconi has demonstrated by im'ans of 
long distance tests, that this form of transmitting aerial has a imu^h 
greater effect in direction AC than in the opposite direction and lias a 
particularly small effect in the direction perpendi<nilar to tlie phiiu^ of 
the aerial. Hence the characteristic 
at great distances must also have a 
greater length (vector) in the direction 
AC than in the opposite direction. 

Fig. 435t is a sketch of the actual 
construction of an antenna of the type 
of Fig. 433, as used by Marconi for 
his transatlantic stations. § The fact 

* When Marconi’s experiments were 
made, it was found that tlie best results were 
obtained when the horizontal portion of 
the aerial was one-fifth of the wave-length. 

Fig. 434 is the characteristic under this con- 
dition. 

t Prom Proc. Royal Soc., A77, p. 415, 1906. The direction inark(^d 3(H)° corre- 
sponds to the direction AC in Fig. 433. 

t From the Jahrbuch ffir drahtl. Tel., 1, 608, 1908. 

§ The CUfden station is reported^iB as having 30 masts each 60 m. high, botw(um 
which 200 parallel wires are stretched over a length of 2000 ni. and a width of 330 in. 
The fundamental wave-length of this antenna is said to bo 4000 in. Latin* ri^ports 
state that Marconi now employs separate transmitting and receiving autinnnn in his 
, ^ansatlantic stations. The transmitting aerial is said to be 600 m. long, the re- 



JT 0 



Fia. 433. 


DIRECTIVE TELEGRAPHY 


357 


that Marconi has adopted this form for his transatlantic stations is 
perhaps the best evidence of its merits. 

203. The Action of the Bent Marconi Antenna when Transmitting. — 
a. The action of the Marconi antenna can not be explained as long as 
we retain the assumption of perfect conductivity for the earth. 

For under this assumption we would be justified in replacing the 
transmitter of Fig. 433 and the effect of the earth by the double trans- 



mittcu* of h"ig. 43() without any ground [Art. 138a] and in calculating the 
field of this transmitUu’ fi-oni the effect of the imlividiial ciirrcnit ehnnents 
of the antenna [Art. 255]. With a fiat earth’s surface the fi(4d in the 
eciuatorial plane is the important facdor. But in the equatorial plane 
tlu^ fields due to the horizontal portions of th(^ antenna (Kig. 43()) tend 
to iKUitralize ea(fii other as (he distance from (he transmitter incavasc^s. 
At very gn^at dis(.anc(‘s, which of (bourse are always in (picsti{)U in wire- 





less teh^graphy, pra(fi.i(^ally nothing remains except the effecd. of the 
verlh^al portion of the an(;enna, and (his is the same in all directions in 
vi(^w of the symnut-ry of the vertical portion. Under these conditions, 
theixdore, this transmitting antenna could not bo used for directive 
signaling. 

From this it follows, on one hand, that the bent MAitcoNi antenna can 
have little or no direedive powcu* when located over sea water, i.c., on 
shipboard,* and would radiate uniformly in all directions. 

On the otlier hand, the directive power which this antenna actually 
has when used on land, can be explained only by taking the action in 

coiving aerial 1800 m, long and only 2-4 wiroa arc used. [Translator’s Note. 'I'ho 
Mauconi Co. has adopted soparato transmitting and receiving stations for all its now 
transatlantie stations, as New Brunswick and Bolinar.] 

* Or rather, to be more exatst, on a wooden raft; for the metal rigging of a modern 
ship affects the radiation and destroys its uniformity. 
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the ground and the latter^s conductivity and dielectric constants into 
consideration. 

b. The first real explanation of the bent Marconi antenna was given 
comparatively recently by H, von Hoerschelmann,^^® a pupil of A. 
SoMMEREELD. His theory, based on the assumption of homogeneous 
ground in the vicinity of the transmitter in both horizontal and vertical 
directions may be developed as follows: 

The action of a horizontal antenna stretched out over ground of mod- 
erate conductivity, consists in its inducing powerful earth currents 
in its immediate vicinity in the upper strata of the earth. The amplitude 
of the vertical components of these currents has a sharply defined maxi- 
mum at a certain distance to either side of the middle of the antenna 
(in the plane of the antenna) and the phases of the vertical conipont^nt 
currents to the right and to the left of the middle point arc opposit(!. 
In accordance with the theory, we may now consider all the v(u*ti(wil 
components of the earth currents as being concentrated at the t wo 
maximum points mentioned above and the entire action then pi'o- 
ceeds as if two simple wave series were being radiated from two v(M-th'al 
antennse erected at the two points of maximum and wliosc cui-rc'nts 



Fia. 437. 


were opposite in phase. This wiaginary vertical double milrnna in short 
iSj so to saiff automatically produced in the ground by the horizonUiL trans- 
mitting antenna. 

The field of the bent Marconi antenna as can be shown from tlie theory, 
is easily calculated by superimposing the field of the vertical portion AB 
(Fig. 437) upon that of the two imaginary antennm XX' and Tl'' |)ro- 
duced by the horizontal portion jBC, both being calculaUul acuiordiiig 
to the rules of Art. 25, just as if the conducting earth were not present. 

This system of antennae therefore resembles the arrangement dis- 
cussed in Art. 198c, the combination of a simple vertical antenna with a pair 
of antenncB oscillating in opposite phases. But in the case before us 
the distance d = XY between the pair of antennae, is not op1;ional, 
being in fact equal to the height h ( = AB Fig. 437) of the Marconi 
antenna. Moreover, the phase of the oscillations in the double ant(mna 
is not the same as (nor opposite to) that of the oscillations in antemna 
AB, but the oscillations in XX' lag 45° behind those in AB. Finally, 
the amplitudes of the waves radiated by each of the imaginary pair 
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of iuitonufB XX' and YY' though cciuiil to each other, are not equal to 
the amplitude of the wave radiated by aid.enna AB. Denoting the 
former amplitude by A'/, and the lai.tcr by their relation is given by* 


AVo = • 2ir/).-v/2crXc 


( 1 ) 


The two imaginary antennae ac(!ording to Art. 10(i5 produce a ficdd 
whose amplitude at a very distant point /■** is 

E'o = 2Ef, • Y = 2^/. • Y (2) 

If wc superimpose the wave radiated by this iinaghiary douldo antenna 
upon that radiated by tlie vertical antcnina, kcM^pinji; the 45° dilTereiKH^ in 
jdiase in mind — we obtain the amplitude of the resultant wa.ve, 




= ME\ + B'\ + 2En,E ’„ cos 45° 

Ehi "1“ jS^ COS'® i? -|- ■\/2 . p (!()S ‘d 


(:i) 


in which 


/3 = •< 


I 


1 


\/ 2(rXtJ 

1'his relation deterniiiies tlie distaiu^e efb^^t charjud.eristic of the 
])('nt transniittiiifi; antenna. Its form dejxMids upon the va,lue of j0, v-.c., 
aside from the wave~len{>;th, it d(^p(Muls nin-inly upon tlic^ ra-tio of tlui 
l(Mifi;th of the horizontal portion of tlie antenna, to th(^ V(*rtica,l i)ortion 
and upon the conductivity of tlu^ ground. In Kig. 41^8 the disla,nc(i 
effect cha-racteristics are shown for = IJ fla^ivy full line curve h) 
and for /3 = 1.4§ (lig]d(*r curve r); iiu'v corr(‘sj)ond to ground' of pool* 
conductivity. Tlie fornuM*, h, is V(‘ry similar to iha,t observiMl ('xix'ri- 
iiKuitally ])y Marconi (Tig. 484) ; the theory tlxM-f'fon^ giv(\s n'sults whi(*h 
agree well with the actual facts. maxi mum dinxd ive ]X)\ver is 

obtained when /S == 1 (c.hara,(!t(M‘ist ic vt'ry simihir to curve c); wit,li 13 ==" 

0.2 the cha,racteristic (dot>and-(la,sh curve d, I'Mg. 488) luis aln'iidy lost 
its directive form to a very large (^xl(ml,. 

If tlie conductivity of the ground is very great, making ^ vmy small, 
then, in equation (8) the first t(M*m under the radical sign becomes 

* Under the following {laHumptions: 

1. Height, hj and length, /, of the anUinna^X. 

2. The cxprcaaiou ^1.0 [where o* « speeitic conductivity of the ground, 

Vl = velocity of light and k, = dielectric coimt-ant of the ground, all in e.g.a. units]. 
This assumption is always correct for the conditions encountered in practice. 

t ^POA = ^ [see Art. lOG]. 

t Corresponding, o.g.j to : <r = 1.2 X 10”^® e.g.s, units; 

X = 2000 m.; 
l/h = 5. 

§ Corresponding, e.g,f to : or » 10*"i® e.g.s. units; 

X = 2000 m.; 
l/h » 6. 
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the determining factor and, as was to be expected from a, JiV liecoiues 
equal to i-e., the distance effect becomes virtually identical with 
that of the vertical portion AB (1?ig. 438, curve e). In the other limiting 
case if jS is very. great— say the horizontal portion is very much longer 
than the vertical part of the antenna— the effect of the horizontal por- 
tion predominates and the form of the characteristic approadies that of 
a pair of antenna with currents of opposite phase (Fig. 438, curve a; 
compare Fig. 410), i.e., the antenna radiates about equally m direc^tions 
AB and AC of Fig. 433, but only very slightly in the direction per- 
pendicular to AB and 4.C. 

c. It follows, therefore, that in order to operate directively, the bent 
Marconi antenna must be placed over ground of low condiuilivily ; 

I 

I 



the directive power is the result of the earth cm'ronta. In this respect 
then the bent antenna differs fundamentally from the arrangiuiKuits 
employing several antennas with ciurents displaced in pliase, as dis- 
cussed in 1. The latter have directive power no matter what the nature 
of the ground, retaiaing it even when used on shipboard over sea water. 
However, with the bent Marconi antenna it suffices if ground of low 
conductivity surrounds the antenna for only a comparatively short 
radius to secure the directive power. It seems that, once the waves 
have developed a directive distribution in the vicinity of the transmitter, 
they will retain this in passing over ground of high conductivity, as in 
traveling over sea, later on. In regard to the propagation of directed 
waves, the same conditions (absorption, direction of the field at the 
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eart.h^s surface) hold as for waves radiated iiniforiiily in all directions 
[Art. 139 et 

204. The Bent Marconi Antenna used for Receiving. a. In his 
long distance experiments, Marconi found'"^^^ that his antenna responded 
far better to waves approaching in the direction of the arrow in Fig. 
439 than to waves traveling in the opposite direction; the effect of 
waves approaching in a direction perpendicular to the plane of the 
antenna was intermediate between that of the other two extreme cases. 

In other tests that were made the difference between the effect of 
waves having the direction of the arrow in Fig. 439 and waves having the 



Fio. 430. 



opposite diro(^ti()n was but V(My slight; but waves apin'Oiu^hing p(M’- 
ptuidicailarly to the plane of the antenna had only very little effect in 
coin[)aris()n. 

6. No (complete <^xplan}ition of the actionof the bent Marconi antenna 
when r(^(^eiving has Ikmui given to date. Not only the effect of the 
eUu^troinagnetic waves in the air upon the horizontal and vertic^al por- 
tions of the antenna, but also the effect of tlu^ fu^Id of the waves in 
the ejirth upon the (^arth currents, which according to Art. 203 form a 
material part of the natural oscillations of 
tlu^se ant(mna3, would have to bo considered 
in sc^eking an oxiilanaXion. If it wei’o possi- 
ble in this case to substitute the action of 
two imaginary antenmn for that of the 
earth fieltl, as was done in Art. 2037 j, the 
problem would become relatively simple. 

This substitution, liowever, is not clearly 
justified in this case. 

A qualitative explanation of the action of the bent antenna when 
receiving, as found from the test, can bo obtained by simply considering 
the effect of the field in the air upon the horizontal and vertical portions of 
the aerial proper (J. Zknniqck^^’). 

1. In order to simplify the conditions involved as much as possible, 
let us first assume that the electrical field produced by the transmitted 
waves is an altemaUng field whose direction is inclined at a considerable 
angle to the vertical direction [Art. 139e]. Let this direction be that of E 
in Fig, 440. Ei and E% are respectively the vertical and horizontal 
components of the electric field strength. The potential difference 
produced in the antenna by this field is made up of the potential along 
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AO (Fig. 441), which is produced entirely by the vertical component, 
and that along GH, which is produced solely by the horizontal component, 
JS 2 . ■ As, under our assumption, the vertical and horizontal components 
are in phase, the potentials across AO and OH are added, i.c., the ampli- 
tude of the potential difference along the entire antenna AGH - tlie mm, 
of the amplitudes of the potential differences induced in the horizontal 
and vertical portions of the antenna. 



Fia, 441. 

But if the antenna is turned through an angle of 180°, as shown in 
Fig. 442, then the amplitude of the total potential difforon(H5 along ylf/V/ = 
the differe 7 ice between the potentials induced in the vertical portion, yU/, 
and the horizontal portion, GH. 

Finally, if the receiving antenna is so placed that its plane is pc^-pcMi- 
dicular to the direction of propagation of the waves, the horizontal (com- 
ponent, Eii has no effect at all and only the effect upon the vertical 
portion, AG, remains. 

We can distinguish between two general cases: 

a. The potential induced in the horizontal portion, OH, is miiilUr 
than that induced in the vertical part, AG. Then, from what lias pj-e- 
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ceded, it follows that the incoming wave must have a maximum effect 
upon the receiver in the position of Fig. 441, a minimum in that of 
Fig. 442 and effects intermediate between these limits when the plane 
of the antenna is perpendicular to the direction of the approaching 
waves. 

/?. The potential induced in the horizontal portion is considerably 
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(jveaier than that huhitiocl in tho vortical part. Then the (^ffo(!ts for tlio 
t wo positioiiH of Figfi. 441 and 442 will dilTer only Kslightly, bnt will bo 
grc^atly reduced wlien the antenna plane is perpendicular to the direction 
of the approachinjjj waves. 

2. If tho electric field at the surface of the earth is not a pure alternat- 
inja; fiedd, but has a more or less prominent rotating*; component [Art. 139^d, 
th(ui the horizontal and vertical components of tlu^ fhdd are no longer in 
phase. However, as this phase differences lies between! 0 and 45°, the 
resTilts of 1 remain qualitatively unchanged. But the difference in tho 
(dfects obtained in tho two chief positions (Figs. 441 and 442) becomes less 
and less as this phase tliffcrence iiuircnises. 

c. The characteristic of this'‘‘ type of directive receiving antenna de- 
pends upon the relation of the effect upon the horizontal portion to the 
effect ufxm the vertical portion. This in turn dei)ends upon: 

1. Tho ratio of the length of tho Iiorizontal to that of the v(n*tical 
portion of the antenna. 

2. The nature of the ground, inasmuch Jis this determiiu^s the am- 
plitude ratio of tlu' V('rtic.*il and horizontal li('Id (a)mpon('nts as W(^ll as the 
I)has(^ displa.(*(MUf*ut bt*t.w(HMi iJu'se^ compoiu'uts |Art. L3i)r|. 

If the aiitc'iina. is loca-tc'd ovcm- s(\*i wa-l(*i*t tla* (‘Hect produced upon it 
ca,n d('j)(‘nd v(M-y little, if at all, upon tlu^ position (dinM-tion) of the an- 
b'luia; in short it is no longca* directive. For in this (^a,se, according to 


J9 
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Art. 138r, the horizontal field compoiu'ut vanislu's to a,n infinitesimal 
value as compared to the verticail c<)in[)on(mt, so that the effe(^ts upon the 
horizontal and vertical parts of tho antenna bear tho same relation to 
each other. 

206. Inclined. Antennse. — a. As oa,rly as 1902, F. conducted 

successful experiments with an antenna of tluj form shown in l<'ig. 443 
(AB is tho antenna, C is a condenser circuit tuiKui to it and directly 
coupled with it). Tlio angle botwcjon the antcnina and tho horizontal 
earth's surface was about 5°. It was found that this form of receiving 

* Other types of directive receiving antenna can bo explained in a similar matmer. 

t If the antenna is on hoard a ship, tho metallic masses of tho latter aro apt to 
cause considerable distortion of tho electric field, so that the simple conditions assumed 
above no longer hold true. 
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antenna responded with the greatest intensity to waves traveling in the 
vertical plane passing through the antenna and was only very slightly 
affected by waves approaching in a direction perpendicular to this plane. 

6. Since these early experiments, frequent observations have been 
made in practice of the fact that, e.g., harp or fan-shaped antennae whi(^h 
are suspended at an angle from the two towers which support them,'’* 
respond much better, when receiving, to waves having the direction of tlu5 
arrow in Fig, 365 than to waves approaching in other directions and 
when transmitting, the amplitude of the waves radiated is greatest in the 
direction opposite to that of the arrow in Fig. 365. 

c. An explanation of the directive power of these antennae when re- 
ceiving can at once be found in the fact that for waves traveling along 
ground of low conductivity, the direction of the electric field instead of 
being vertical, is inclined toward the earth's surface [Art. 139c] and that 
any antenna must respond to the greatest extent when its direction coin- 
cides with that of the field acting upon itf [Art. 171]. 

The directive power of these inclined antennae when transmitting can 
probably be explained similarly to that of thebentMARCONiantcnina wlnni 
transmitting. We may assume that the distance effect of an antemna 
current inclined to the earth's surface can be split up into the resjx'ctivcj 
effects of a vertical and a horizontal component current. 

From the preceding it would be expected that the directives ])ow(n- of 
inclined antennsB, both when transmitting and receiving, vajiislu'.s wIkmi 
they are located over ground of very high conductivity. 

206 . Horizontal Antennae, Ground Antennae. — In the (^xixainumis 
of F. Braun (Art. 205a), the slight inclination of the anttnuia toward 
the horizontal (Fig. 443) was of no material importance. Undoubtcxily 
Braun would have obtained about the same results if the antcnina had 
been exactly horizontal. 

Such horizontalantennae, which differ from the bent Marconi antenna 
in consisting of twos2/^nmeWmZhalvesat aslight distance above thoground, 
have recently been termed ^^ground antenn<js^\^^^ They have be(ni 
proposed by many others (e.^., by Marconi, L. Zehndnr’’’^) Ix’sidt's 
Braun and have been tried out here and there. The general opinion 
seems to have been though that their effectiveness was so far below that 
of vertical antenna as to eliminate them from practical use. In roexmt 
times, however, F. Kiebitz®^* has shown that considerable rang(is can l)e 
attained with these antennas. Thus with a receiving aerial 240 m. long 
at Belzig, the signals of the station on the Admiralty Office in London could 
be clearly received (distance 880 km.; horizontal portion of rccjoiving aii- 

* As for instance the antenna of the Eiifel Tower. 

t Tto by no means applies to the antenna of Fig. 443; for its angle witli the hori- 
zontal is so small that it comes mainly under the influence of the horizontal field 
component. 
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teniia 1 m. above ground). Messages from the same antenna when 
transmitting were easily received at Swincmiinde, 230 km. away.* 

The antennae used by Kiebitz consisted either of two free ended 
halves like that of Braun (Fig. 443), or each half was grounded at its 
(uid, A and B (Fig. 444) through a condenser. 

The action of these antennsB (i.c., their horizontal part) can un- 
doubtedly bo replaced, at least approximately, by the action of a pair of 
v(u-tical anteniue whose currents are equal in amplitude but opposite in 
l)hase, according to Art. 203&.t They must transmit the maximum 

^ ^ 

Fi(j. ^14. 

eiKM’gy ill tli(^ v(M‘ti(*al jilaiu^ passing through them and must receive wil Ii 
tlie greatest intemsity waves whose direction of travel is in tliis vertic^al 
plane. 

SiK^h t(^sts as have IxMm made to date are not yet coinph^te enougli to 
pi'rmit the forination of any final (joiuilusions as to the comparative rela- 
tions b(‘tw(HMi horizontal anti vertical anteniue. Nt^vtx'theless it would 
seem safe to conclude from the results alrtxuly obtaiiuxl, that in (xu'tain 
spt'cial cases tlu^ vt'rtical anUmiia can be efiiciently replaced by the 
horizontal ground antenna. 

207. The Advantages of Directive Signaling. — a. Direclivc Trains- 
viitlrrs , — If the jiroblein of direc^tive signaling w(M-e soivtal, Le.j if we lia,d 
a traiismitUu’ whii^li would radiate almost entirt'ly in a single givtm 
dinxd.ion, the following advantagt^s would be stxaired. 

1. In radio-t(^l(graphy at present only that portion of the energy which 
is transmitted in the dirtxdJon of the reiieiver apiiears to bo useful. It 
follows that a direcd.ive tra.nsinitter, oixa’ating at the same efficiency (at 
tlie transmitter), would give the maximum amount of useful energy. 

2. A direidive transmitter wouhl accomplish a great step forward in 
secuiring ,secrccy of vhr.Hsaiien. Assume aS'A (h'ig. 445) to be the range of 
transmit1,er S for a given receiver E/ If the transmitter is non-directiv(^, 
E will be able to nu^eive its signals anywhere within the circle drawn in 
Fig. 445, But if the transmitter is directive and has a charact(a*isti(! as 
sliown by the heavy line curve in the figure (which represents high 

In fact some of iho signals from the MAitcom station at Glacso Bay (Canada) 
sccni to have b(5ou received with a low horizontal antenna about 1200 in. long. 

t liowovor, the various relations governing the ainplitudo of the oscillations in the 
two imaginary antenna) and the distance between thorn as given in Art, 203 & can 
be applied to the present case only if the length of the horizontal portion is small 
compared to the wave-length (see foot-note, Art. 203Z^), 
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directive power), then E must be within the small shaded area to receive 
the signals from )S. 

3. For the same reasons, it is evident that with directive transmitters 
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interference between various stations operating in the same zone is {ireitihi 
reduced. 

b. Diredive Receivers. — 1. Interference between neifihboring .'italions 
can be reduced to an even much greater extent*'^" if directive rec('iv('rs are 



employed, that is if the receivers respond almost solely to waves 
approaching in the direction of the transmitting station with whicdi 
communication is intended. 

2. Operation with directive receivers offers another advantage. If a 
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station is equipped with two directive receivers, Ex and (Fig. 446), 
each of which is differently directed, then messages can be received 
simultaneously from two different transmitters, 81 and JS 2 , even if these 
operate at the i^ame wave-length. 

This may be an important advantage in case both transmitting stations 
are obliged to operate at the same normal wave-length (as, e.f/., two light- 
ship stations) due to their both working with stations for which a definite 
wave-length is specified (c.f/., the ships of a fk^et or the merchant mariiuO. 

3. Finally, the directive ro(HUV(U‘ oflers a means of determining the 
direction in which the tramniitter /.s* located. 

For this purjmse, it would only be inuu^ssary theoretically — in practic^e 
this would involve great difficulties — to turn the receiver about a vertical 
axis; then the direction of the transniiiter would be that in which the 
receiver responds wil-h ibe gn^ai-est iniemsity. 

Anotlun* method would be to have a complefe circle of direcf.ive r(^- 
ceiveu’s (Fig. 4-17). Tluni if re(U‘iv('r EA is tlu^ only oik^ to rc^spond, or at 
least n^sponds with ina-xiniuin intensify, transinil bu' inustliein dirc'c- 
tion E 8 . Thus if such a station is erc'ctcMl on land a-nd a nu^ssage is 
nuH'ivcMl by it from a ship at s(\‘i, this giv('s a-n iinmediatc^ iiidic^ation of 
tlic^ diiHudion f)f th(^ ship. Marconi, nnide a nuinlun* of exp(n*ini(nits a-long 
this liiK^; it was found jxissihk^ to (kdc'rmiiH^ wifli considerable accura(*y 
the dire(dion of ships a.l)oul. f)() km. from shore'. 

"JMie liKinaNF and Tosi ai)j)a,ra4us'*’ a,r(^ pari icula-rly (xinvenic'nt for this 
})urpos(^ ''rin^ r(‘(U'iving ra,di<)-gonionu't(n- [Ai*t. IfiS/)] ofh'rs a dire'C't 
ni('a.ns of (k'le'rmining tlu^ direM'l ion of a-pproaediing wave's. The', ine)va,ble^ 
ce)il e)f tlie^ ra-eliei-gonieiineden- is re)(a,te'el uni il ( he signals in tlu^ rex^e'ive'r have 
tlu'ir maximum inie'iisity. As this ma-ximum is ne)t very sluirp (se'e^ 
chanic.teristie's in l^’igs. 110 anel *123), meire^ (‘xa,ct re'sults a.re oblaineMl by 
fineling l-he^ l)e)sition of Ihe^ meivable eaiil in whiedi the re>e'-e^ive'el signals 
vanish or have minimum inte*nsify; the direudiein of the a,ppre)a(dnng 
wave's is them jie'riiemelicular te) this peisitiein of the ceiil. 

Ibit if th(^ wavers must travel eiveu* hinel feir euinsieleu-able elistaiie^e'S 
none of the^se metheiels e^an be^ exiunteMl ui)on. Fe)r in tliat eaise>, the 
assumptie)!! tha,t the^ direed.iein in which the wavers ai)i)roach the renu^iveu- 
is the same as that in which the transmitter is le)e^at(Hl with re^si)eed< te) the 
receiver, is ne)t necessarily ceirreed; [Art. M3a]. 

c. Anotheu* problem in diree'.tive radio-sigmiling, whiedi has re>e*.ently 
gaineul in importance is the feillowing: (liven two fixed lanel stations of 
known location and a moving station (ship, balloon, aeroplane); to de- 
termine the location of the latter at any 

* They mmi to bo giving very good re^HultH. Biollini anel Tosi claim that l>y moans 
of the aiitonmn (Ujscriljeiel in Art. lOSc (combiuatie)tL of flymmeR;ri('-al and doii])le) 
antenna) the direction can be de^tennine«l within 1®. P. Buknot reports that the 
direction of ships 300 kui. away, could l)e detonninecl within 4° to 
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1. One solution is to equip the moving station with a directive 
receiver and by means of this determine the direction of approach of the 
waves from each of the fixed stations. The Bellini and Tosi* method 
is well suited for such receivers, while the double antenna, with the 
two antennae half a wave-length apart, seems well adapted for use on 
dirigible balloons [Art. 96a (4)]. These methods, however, involve 
considerable practical difficulties, particularly because they are suitable 
for short wave-lengths only, so that a separate receiver becomes necessary 
for the longer waves used in regular service. 

2. A second solution of the problem is as follows: The fixed stations 
are provided with a directive receiver. The moving station must t;heii 
call the fixed stations to determine its own position. Tlie lattcu' then 
each find the direction from which the waves radiated l)y tlu^ moving 
station come in, and inform the moving station of this dinx^tion. In this 
case of course the moving station does not require directive appai-atiis 
for either transmission or reception. 

3. Another solution was proposed some time ago by A. Autom'*-’^''' and 
was tried out later by the Prussian Ministry of Public Works, blacdi of 
the two fixed stations is provided with a set of dirce.tcd transmitting 
antennse by means of which waves can be radiated in any one of various, 
say 16, different directions. The fixed stations radiaic sonic signals 
{different for the two stations, as, e.g., two different Icttcu’s) in each of the 16 
directions consecutively. The moving station, which is equipped with an 
ordinary non-directive receiver, determines which signal conu^s in with 
the greatest intensity. Thus if, e. g., this is the letter “ a ” a.nd the mo vi ng 
station knows that this is being sent out from thosoutli-iiorMi trnns- 
mitter of one of the fixed stations, the operator at the moving sin, (ion 
concludes that he is in a direction north from that fixed stat ion. 
direction with respect to the other fixed station is then doteniiiiKHl in a 
similar manner. 

In the tests made near Berlin, 32 masts were croctcMl at the tra-usmit- 
ting station in a circle of about 200 m. diameter. Each mast support, (ul 
an aerial, and the aerials of each pah of diametrically opposite masts wnv. 
joined by a horizontal conductor. As the latter was approximately (Kpial 
to half a wave-length, each pair of antennse comprised a radiating system 
of the type described in Art. 197a. The station building was located at 
the center of the circle, where the 16 double antennae could be con- 
veniently coupled with the primary circuit, one after another. 

This method has been recently developed by A. Meissneu; (Tkle- 
FUNKEN Co.32^) into a commercial form of apparatus (the “ Telefunken 
Compass^^). The directive transmitting antennae, CBABiCi (Pig. 

* Bellini and Tosi have devised a compass system, for use in tho vicinity of ports, 
by means of which incoming ships can find the entrance to the harbor through heavy 
fog (low power transmitter having 15 to 20 miles range). 
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448), whi(4i aro placed radially about tlie building of tho fixed station A, 
arc coinbiiiai-ions of two Ixuit Mauconi aerials. They are all supported 
by a single central mast, which also carries a non-directive umbrella 



aerial, ADKJi. By nuvins of a,n automatics contacstor (Fig. 449 shows 
llie (sontact dc'viccs wiili its driving inoi-oi* and the (sonta-c-t ])()ints of the 
(lilTen'iit antmime a,t tins top) lirst tins umbrella a,(srial (time signal) 
and then (xush of tins dirc'ctivcs antemme arcs in turn connected to tho 
])rimary circuit at given eijual int(M*va.ls for ('xcsilai ion. 
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The moving station is provided with a stop-watch, of tho form shown 
in Big. 450, whose pointer makes one comph^tc rovolutionin the same time 
0^ minute) which the contactor takes to connect all of the directive 
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transmitting antenna pairs once in turn. At the instant when the 
operator of the moving station hears the time signal {Zy* Pig. 450), he 
presses his stop-watch and sets it going. He then stops it at the inonient 
when the incoming signals are loudest ;t then the position of tlie stop- 
watch pointer indicates the direction of that one of the double anieniuD 
of the fixed station which is in line with the moving station at that in- 



Fio. 450. 


stant. If this procedure is repeated sevc^ral tiin(‘S iind tlu^ iiv(*rage of 
the stop-watch pointer positions noted, the direction (^an Ix^ (hdxM’iniiu'd 
within 4® to 5°. 

In tests made with a mast 23 m. high and using about 0.5 kw. eiKU’gy 
the direction of a balloon from the compass station was d(d,(‘nnin(Ml (|uit(^ 
accurately up to a distance of 100 km. 

is not shown in cut, but refers to point between 31 luul I on the watch 

scale. 

t As the maximum intensity is usually not very s]nirj)ly clelincul, it is prohahly 
better to determine the position of mvtdmum intensity. 
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WIRELESS TELEPH0NY«2fi 
1. THE TRANSMITTER 

208. Source of Energy. — Vory hood n-Ilc'r oarlic^st in 

wir(^U\ss tol(^gi*Hphy, niknnpts wore nuiclo to tranyiiiit spoeeli by iiieaiLs of 
cleetroinagn(^l.io WiiV(NS. 

a. A« long as damped oseillai-ions with relatively low cUsehargo fre- 
quency were employed, the results of such tests necessarily renniined 
unsatisfactory, 'idie essential requirement for good transmission of 
speech seems to l)e a diseluirgc^ fiXHiiKuuy considerably higher than 
the highest frecpuMicy of ilii^ toiu'S used in spee(^li. 

Acciordingly, only thesis nu^thods which permit the use of very higli 
discharge fr('{]U(‘nci(‘S [Art. lli| conu^ into consideration hvw.. And 
witli thes(^ ni(‘tli()ds fair r(‘sulls Inive ixum obtaiiKxl by nuiny inv<'st.iga.t.ors 
(J^'KssMNnKN, Aus'imn, V. Lki'Ml and M ajouana’^-^ Konie of wlioin us(‘(l 
dis(^ha.rg(^ b’caiuencic's as high as 1(),()()0 jxu’ sc'cond, ]<]v(‘n to the i)r(\sejit 
day W. J)umLiKit‘*“‘’s(XMns to )xi working witli (|u<*m*h(Ml ga,j) tra.nsmitt(‘rs, 
though, to be sun^, Ii(‘ (*m|)l()ys ('xtr(‘in(^ly higli disclnirge fre(|n(m(aes. 

b. IJ ndampvd oscillations, how(W(‘i*, are by far mom a.(lva,nta.g(M)us 

for ra,dio-t(‘l(q)h()ne work, k'rom tlie v(ny (irsb li. A. Ewssiondion sought 
a, pra(h.i(^a.l solulion of the probhnti along tlu'se lines, prodinniig iln^ iin- 
danqxxl oscilla-tions by in(‘ans of a. fnijh fm/iwnrjf aUrriKdor, His first 
a,lt(n*naXor oi)cra.ted at 8(),l)l)U cycits ixa* sc'cond (X = ^^750 m.) and was 
of 1 kw. caj)a.{*ity. .'Mvcii as early as .nKM: the Nat. Ski. (h>., with 

which I'’nssKNi)KN was associatcxl, guaninUxxl to (stablish win^h'ss tele- 
})hone (X)miminica.tion ovea* a distamx*. of 25 inih^s (ae(^ording to Mu. 
I'hossjoivnMN). 

PouLSKN a.lso prom])tly us(xl iiis arc (jencralar for wiiTl(\ss k^lephony; 
h(‘, as w(01 as otlun’s, c.f/., A. V, CV^llins, M. (h)nTjsr and 11. JioANorr^”’^ 
seem to hav(^ spefit considca’able effort in developing this phas<^ of the 
work. The ^PounsiON stations in ( kilifornia have a range of 550 kin., 
using orilinary microphoiuss and with an antenna 94 m. high.'^-*^ The 
cl(uirn(\ss of tlio riqirodiKhlou of the transmitted sounds in the receiver 
has been praised in every t(\st. 

209. Connectors, — a. Wireless telephone transmitters all have a 
microphone into whii^h is spoken. This inicrophoii(». is usually connected 
in such a manner that its n^sistance variations, wlucdi follow the oscilla- 
tions of the impressed sound waves, cause corresponding variations in 
the anipliUide of the radiated waves. 
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This can be accomplished in a great variety of ways. The micro- 
phone can be inserted directly in the antenna, or with a coupled trans- 
mitter, in the primary circuit, or in the current supply circuit, or, finally, 
in the excitation circuit of the Poulsen arc field magnets, or the field 
circuit of the high frequency generator. Moreover it is not no(iessary 
that the microphone be inserted directly in any of these circuits; it can 
be placed in a separate circuit and the latter then bo coupled to the 

particular circuit which is to bo affected 
by the action of the microphone. All 
these theoretical possibilities have 
been described as ^^nvontious” in 
patent papers. 

The arrangement most extensively 
used in actual practice is tliat of 
PouLSEN-^^^ — a coii'plcd IransniitlGT and 
the microphone^ or mi(irophoiies, (il/. 
Pig. 451) inaerted dircclly in ike an- 
tenna. With this anvil igcinent the 
coupling between the priniaiy circuit 
and the antenna sliould bo as loose 
as possible. 

In the arrangement of Pig. 451, as 
well as in the commercial form of this method shown at i.he riglit of l'4g, 
452, several microphones are used, all joined to a (Common moiithiucMV'. 
The object of this is mainly to make full use of the eiuu’gy of the sound 
waves much of which would be lost with only a single niicM-ophone. 

However, the use of several microphones connected in s(nM(‘s may 
have still another purpose, namely, to bring tlic total mic,roplione rc'- 
sistance to its most advantageous value. In order that the sounds luv. 
reproduced in the receiver with maximum clearness, the resistancii 
of the microphone or equivalent resistance* of the microphone circuit 
must have a certain definite relationf to the effective resistance of the 
antenna. This relation can be obtained, aside from using sovcmviI micro- 
phones, by the same means as were discussed in connection wildi the 
similar problem in Art. 178; that is, the microphone is put in a separat(j 
circuit whose coupling with the antenna can be varied at will, or only a 
part of the antenna current J is allowed to pass through the microphone, 

* The equivalent resistance R of the microphone cu’cuit is defined as the value of 
R in RHeffj when this expression is equal to the energy delivered to the microphone 
circuit per second, I being the current at the base of the antenna. 

t The change produced in the antenna current amplitude by a given change in the 
microphone resistance is greatest, in the arrangement of Fig. 461, if the mi<u’ophono 
resistance is equal to that of the rest of the antenna.^®® 

t Or, to make this more general, part of the current of that system which is to be 
affected by the changes in the microphone. 
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tho latter being connected in parallel to a portion of the antenna induct- 
ance or to a condenser placed in the antenna. 

Instead of varying the anijdUiide of tho radiated waves by means 
of a microphone, attempts have been made to change the frequency of 
the waves by the microphone variations; the author, however, is not 
aware of any practical success in this direction. 



210. Microphones. — Whenever great i-angos arc required, so that a 
larg(^ amounl. of (uu'rgy must l)e Inunlled in the transmitter, it is in 
g(meral impossildc^ to avoid semding heavy curnmts tlirougli the mhn'o- 
phone. This at onc<^ elimimites tlie ordinary mic.rophoiHNS built for 
small cairnmts. A great number of contrivances have been devised to 
nuud. tliis ])rol)lem. 

<L It has beem proposed to constantly shako tho microphones during 
op(n*ai.ion, to prcv(uit (^X(j(5Ssivo loc-al heating of the carbon partiedes. 
'■Jlu'. sanu^ purposes is s(U’ved by devicjes in which tho microphone particles 
ar('. set into v<uy active motion by the sound waves. Then various 
air, oil and wat<n‘-cooled microphones as, e.f/., the heavy current micro- 
phone of G. Egnke and J. G* Holmbteom®®® have boon devised. 

b. The hydraulic microphone of S. Majoratsta^^^ seems to have given 
parti(uilarly good results (Fig. 453). 

A liquid flows from a tube /ii, which has an clastic diaphragm at A 
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joined to tlie diaphragm M of the microphone, and impinges upon a 
plate P where it forms a thin liquid sheet or layer. This layer acts a*s a 
conductor between the metallic (platinum) plate Pi zind the metallic 
ring P 2 (Po is made of insulating material). As long as the diaphragm 
remains at rest the liquid flows in a fine even stream. But if the dia- 
phragm is vibrated, the stream assumes contractions in unison with 
the vibrations, and the resistance of the sheet of liciuid joining the two 

platinum electrodes P], and P^i also varies in 
unison with the vibrations. 

With this microphone, in conjunction with 
a PouLSHJN 500 volt generator, successful tests 
were conducted between two fixed stations of 
moderate size about 500 km. ai)art and be- 
tween a fixed station and a torpedo boat de- 
stroyer station over 400 km. apart. 

c. Another hydraulic microphone (Fig. 454) 
was devised by F. J. ChrAMUJcus.'*'’^ IhM’e tlu^ 
vibrations of diaphragm M vaiy tlui r(‘sistanc(j 
of the very thin layer of licpiid l)(^tw(HMi M and 
the fixed tul)ular ('l(u*tr()de whicjh also serv(^s 


S P. P.PoP, 

Fig. 453. Fig. 454. 

for feeding the liquid. This microphone is claimed to stand from 250 to 
500 watts and to give very clear reproductions. 

d. E. A. Fessenden®^^ has constructed a teleyhouG relay which is 
claimed to allow the use of a current of 15 amp. 

2. THE RECEIVER 

211. Connections. — a. In general the receivers used for radio-tele- 
phony must meet the same general requirements as radio-t(4egraph 
receivers. The methods of connection consequently have little if any 
difference. 

Formerly it was considered important to have very sharp tuning in 
the receiver, so that the resonance cncuits in the receiver were designed 
with as little damping as possible. 

Thus, the Potjlsen®^® method, shown in Fig. 465, is an example of 
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this class. Hero the aerial is c-oiiplcd with a condenser circuit CjSi and 
this in turn with the condenser circuit C 2 /S 2 . In the latter the dampinji; 
is intentionally kept low by coimccting the detector Th in parallel 
with only a portion of the self-induction ^^ 2 . The commercial con- 
struction of this arrang(»ment is shown in 452 (left-hand side) ; the 
adjustable condenser at the extreme left is C 2 \ 
of Fif 4 ’. 455, while that furthest to the right j| 
is Cl and consists of an upper ])art adjustable 
in steps and a low(;r part (u)ntinuously ad- 
justable. Betwe(ui these condensers are tlu^ 
coupling coils aS\*S 2 whic^h jirc arranged for 
adjustable coupling as shown in Fig. 582. 

Very soon, however, low damping in th(^ 
resonance circuits of the nMunvea* was al)an- 
(loned. It developed that the r(‘sonan(U' action 
caus(^s a distortio!i of tlie specMiii transinittcMl. 

'^rhis, in fa(4-, is to lu^ (^xpea^ted if w(^ (tonsidca* 
tlie relations (lisciiss(‘d in Art. (w. 'V\n\ tinui 

variation of tlie amplitude in the n'sonant system in gimeral follows 
the time variation of tlie amplitudes in the (‘xciling systcMii mores eslose'ly 
tiles higher thes elamping eif tins re‘se)inuit systean is, Ac., the meire tlies 
impre'ssesel osesillai.ie)ns pre'|)e)n{le'nites e)ve*r thes mitural eisesilhit.ions. Ae-- 
ese)relingly, Jbr e7ce/r vv prod uvl ion of spnrh it is brllcr Unil the danipiiKj of 
ihc rccririfuj antenno is nol loo loir ond Ifud a vlosod (aperiodic) or, at any 
rale, liiylily damped deleelor eireail is eon pled lo l/te anLenna. 






Via. 450. 


457. 


This ielea was (sarriesel out in the arrangement (Fig. 450*) formerly used 
by the TioLKiarNKioN* (Jo. and tUso in that apparently now in use by 
PouLSKN***-® (Fig. 457). In thelattcsr, however, an additional resonance 
(sircuit containing condenser (fi is used, but this circuit must be very 
highly damped as detector Th is connected directly in circuit. 

* Cy is a block condenser. 
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h. In those methods in which the frequency instead of the amplitude 
of the transmitter oscillations is varied by the microphone, it is important 
that the receiver is not tuned exactly to the transmitter freqiiency.^*'^^ 
Otherwise, in view of the relatively flat peak of the resonance cui’ve, the 
amplitude in the receiver would be only slightly changed (A) by a given 
change (dAT, Fig. 458) in the frequency. But if the receiver is not quite 

in tune with the transmitter, so 
that we are working on the rising or 
falling side of the resonance curve 
instead of at the peak, the same 
change, dN, in frequency causes a 
considerably greater change, 7i, in 
the amplitude. * 

c. The calling of a dc^sired radio- 
telephone station would also be 
made possible by the method de- 
scribed in Art. 1095. Another 
method which has been propoS(ul,**'*® 
is to so adjust the reccMviug station 
Fig. 468. for being called that th(^ coupling 

between receiving antenna and 
detector circuit is as close as possible and the normal telephone used for 
talking is replaced by a loud-speaking telephone. 

212. The Action in the Detector Circuit. — a. If a jmre note or to'uc is 
sung or played into the transmitting microphone, tlu^ amplitudcj of the 
wave which is radiated oscillates in the period of this note. Tlu^ ampli- 
tude in the detector circuit must oscillate at the saim^ freqiKUK^y, so Unit 
its curve would be of the 
form of Fig. 459a. There- 
fore, in the detector (which 
we may assume to be a 
thermal detector) there 
would be a corresponding 
e.m.f. with time variation 
as represented by Fig. 4596. 

It follows that the current ^ 
obtained in the receiving ^ 
telephone has the same 
periodicity as the rise and fall of the amplitude of the transmitter os(ul- 
lations and therefore is of the same period as the tone impressed upon the 
microphone in the transmitter. 

6. Similarly, if a sound other than a pure note, and consisting of a 

* The same relation holds for wireless telegraphy in cases where the signals are 
produced by varying the frequency [Art. 127c]. 
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fuiida.monl.al and a large number of upper harmonics, is spoken into the 
microphone the same relation holds. 

If, in this case, the telephone current is to accurately reproduce the 
amplitude fluctuations of the transmitter waves,”* then, aside from the 
requirement discussed in Art. 211a, the detector must quantitatively 
follow the rapid amplitude fluctuations, i.e., must develop direct-current 
energy approximately in proportion to the high frequency energy sup- 
plied to it. lienee thermal or crystal detcctorsf which fill this require- 
ment are mostly used. 

THE DEVELOPMENT OF WIRELESS TELEGRAPHY DURING THE YEARS 

1909 TO 1912 

a. Probably the most prominent fcMituro in the development of wire- 
less telegraphy during tlu^ last f(‘w yc^ai’s has been the general adoption 
of a niudcal tone in the receiving tc^lephone. 

Of the advantages therel)y attainable, viz., 

1. Oral re<^epti()n is imide easicM* a-ud moi'o scaisitive, 

2. Greater frecMlom from atmosi)heri(^ (listurl)an(;(\s [Art. 183?d, 

3. The principle of a(U)ustic re.somiiKu^ (^{Ui lx* made use of [Arts. lOG?;, 
167d, 1(h)/;], 

4. Duplex reex^ption with the .same ('h'ctric^ wav(^-l(mgth,'***^’ the first 
two have certainly prov(‘n tluMuselvc's to very valual)l(^. This iie- 
counts for the imuiy diflVnuit nu'tluxls which have been devised for 
producing a tone in tlu^ teI(‘phon<^ nxx'ivt'r. 

A, The iiiost obvious thing to do, whi(^h A. Blondkl laid suggtssted 
as early as 1 ()()(), was to giv(^ to tlu^ fre<iu(mcy of tlu^ (h^sinxl toiu^ to the 
wave at its point of origin, tlu* IraminUler — ^U.one Imihsnrtller.^^ 

A great numlxM* of m(‘th(xls for a,(xx,)mplishing this mlh danrped waves 
hav(^ been propos(xl, thus: 

1. h'or A.(h ojx>ration, the us(^ of an A.(h gen(*ra.tor of siiflicmmtly high 
freqiien<\y [Art. IMJ (x’ther alone or combined with a rotating spark gap 
[Art. JbSj. 

2. I<\)r D.C. operation, control of iho discharge frequency by means of 
a rotating Hi)ark gap with projecting (4e(d.rodes [Art. 118/;], or 

3. Superimposing an alternating current obtained from an arc circuit 
upon a (X)nstant <Iire(?t currcuit, an arraiig(5m(5nt which offers a par- 
ti(5ularly easy means of varying the tone [Art. 128]. 

4. The same advantage is secured by a new method devised by A. 

* It is assumed that the amplitude fluctuations of the transmitter waves accurately 

reproduce the fluctuations impressed upon the microphone. 

t Majoiiana''’®^ obtained good results with an iron pyrites — platinum detector 
and particularly with Dn l^oimaT’s “audioii,^* in the form shown in Fig. 342 having 
three electrodes. 
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Meissner (Telepunken Co.); in this a periodic auxiliary discharge 
causes the main discharge to occur periodically with the same frequency 
as the auxiliary discharge. 

Similarly a great number of methods for producing a tone transmitter 
have been devised for undamped oscillations. 

1. It was proposed to break up the continuous oscillations of the 
antenna into a sequence of regular wave trains by means of an inter- 
rupter.^^® 

2. To vary the amplitude of the radiated wave at the frequency of the 
desired tone by means of an arc circuit acting upon the high frecpieiK^y 
generator,®^® 

3. To produce fluctuations in the antenna, either by causing two arc 
generators slightly out of tune to act upon the antenna (C. Loren 

or, if a high frequency alternator is used, by means of special con lu^ct ions 
of the groups of coils in the windings of the machine (R. GoLDScirMioT*^^^). 

B. But with undamped oscillations it is undoubtedly simpler to 
leave the amplitude of the radiated waves constant and to make i)r(>- 
vision for ^Hone reception” at the receiving end. 

1. The first means which offers itself for this purpose is to pci’iodically 
connect and disconnect the detector from the receiving cii’cuits [Art. ]S7|. 

2. Then, it is also possible to obtain tone reception by combining 
with the oscillation induced in the receiver by the transmitted wav(*s, 
another oscillation of somewhat different frequency [Art. 100]. 

Some of the methods mentioned above have probably iievoi- found 
practical application. If very fully listed here, it was with ilui id(^a of 
illustrating the great number of possible solutions for a given problem in 
this field of work — “solutions’^ at any rate in the patent papers. 

i. With stations employing damped oscillations, whetlier the Wien 
or the Braun type of transmitter is used, the essential re(iuir(mumt for 
tone transmission is a discharge frequency at least as high as tlui friicjiKmcy 
of the desired tone, much higher therefore than was foriiicrly (aistoimuy. 
At the same energy and the same decrement such a transmi(.ter lias a 
much lower oscillation amplitude than the older transmit, tia* of lowin* 
spark frequency, and therefore has a number of technical advantages ovea* 
the latter [Art. 120b and cj. 

The good results obtained by raising the discharge frcqueiKjy up to 
that of audible tones, suggested raising the frequency still higher and tlms 
increasing the energy. When this was attempted, however, a limit to the 
frequency was very soon encountered. For, on one hand, the iiitonsi(,y 
of the tone in the receiving telephone soon fails to keep pace with the 
energy when the latter is increased in this way and, on the other luind, 
with the long waves used by high-power stations, the intervals between 
the individual wave trains disappear and the wave trains overlap and 
interfere with one another. Hence we have here again reached the point 
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where ineroasiiig the amplitude is the only path open to us, if damped 
oscillations are to be retained. 

c. The alternative is to turn to undam'ped oscillations. And the fact 
is tliat undamped oscillations, particularly those produced by high fre- 
quency alternaiorHj arc coming to be very serious competitors in the field 
in which, until recent years, there were only three great rivals (the Braun, 
Wien and Poulsen transmitters). 

The adoption of high frequency machines has long been hampered l)y 
the technical difficulties to be oven^ome in building alternators of fre- 
quencies sufficiently high for the requirements of radio-telegraphy. It is 
comparatively simple to obtain frequencies ]*anging just below those 
needed. Hence the idea undc^rlying recent developments in this direction 
has been iramfornmlion of the frequency. Only a inodcn'ately high altcn*- 
nator frequency, as determined by the num])(‘r of pol(^s and speed of the 
machine, is employed, but is then transfornKMl to fn^imnunes two, tlircu^ 
or more tinu^s that of the original valium 

It. (loLDScirMiDT may be nanuMl as [\w. first oiu^ to introdm^e tliis idc'a 
in radi()-pra(^tice, if we com^eive his method [Art. 122J as a fr(Hiii(n)(y 
transformal.ion leithin tlu^ nJb'rnator. 

As (^arly as 1S9S, a na^tliod of tra,nsfonning tln^ freqiumcy of an 
alUn’iiating curnnit oitlsidr af the machine to twic(^ th(‘ origimil fr(^(pi(‘ncy 
by MH'aus of reiiifying cclh wa.s pro- 
J)0S(m1 (.1. Zenniook*^‘“). 

If an alternating (current of the 
form of Fig. ‘KiOu. is s(mt llirough a. 
rectifying cell or tubc^, which allows 
curr('nt to pass through it in oiu^ 
din'ction only, t.lu^ r<‘sultant curnmt 
(airv(^ will ))e as shown in f’ig. ‘IfiO/;. 



If the coune(!tions of the nu^tilic'r ar(^ 
rev(‘rs(ul, the current (Uirvc^ will Ix^ 
as shown in Fig. -KiOc. If tlu^ two 
resultant currents (l*'ig. 4fi()/; and c) 
obtaiiuxl in this inaniKU’ are {!aus(xl to act indue, tiv(^ly upon a third 
(urcuit — pr(^feral)ly a c,ondens(U’ cinaiit tuned to twice the original 
frcxiiKuuy — a current of the form of I<'ig. 4f){W, liaving doul)l(^ the initial 
freciuency, will be ol)tained in tln^ third cinaiit. The e.m.f. induced in 
this revsonaut coiuhmser circuit has of (50Uivse double the frequency of 
the initial e.m.f. also. 

Another method for doubling the frequency was first*. describ(al by 
the Lahmeyer Co. (E^^STEIN''*'^•0 and has been adapted for high frequency 
work by Count v. Arco (Teleeunkbn This method is based 

upon the magnetic proi)orties of iron. 

The principle involved is as follows: Through one of two windings 



400. 
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on an iron transformer core, direct current is passed of such magnitude 
that the flux density in the iron — ^represented in Fig. 4616 and c l)y 
the dotted lines — ^is just about at the knee of the magnetization curves 
Then, if alternating current is sent through the other winding, it can 
produce only a slight increase in the flux density during the half periods 
in which its field has the same direction as the dircct-currcnt field; hut 
in the other half periods when the alternating current is reversed, it 

will greatly reduce the resultant 
flux density. The curve of the re- 
sultant magnetic flux must, tlierc^- 
fore, have the form of Fig. 4616. 
By commutating the alternating 
current a flux curve of the form of 
Fig. 461c is obtained. If, now, two 
varying fluxes of the forms of I^ig. 
4616 and c respectively are simul- 
taneously caused to act indu(duv(4y 
upon a conductive circuit — as Ix'- 
fore, preferably a condenser (nix^uit 
tuned to the double freciuemy- - 
the total resultant flux aci-ing upon 
this circuit will ])c the idg(4)rai(^ 
sum of the two individual flux(‘s 
and will have the form of Fig. 461dl. This will, therefore, induce nn 
e.m.f. of twice the original frequency in the condenser circaiit. 

A third method (J. Zenneck^^^), by means of which the original frt'- 
quency can be tripled, makes use of the strong third harmonic. (s(x‘ond 
upper partial oscillation) which is characteristic of the potential across 
an alternating-current arc. 

If a self-induction and capacity are connected across the i)()l(\s of 
an A.C. arc, similarly to the Thomson or Poulsen methods [Art. .I23|, 
a heavy current of three times the frequency of the supply curremt will 
be obtained in this parallel condenser circuit, if the capacity and scOf- 
induction values are properly chosen. 

Of these three methods, only the second, as developed by CouN'r 
V. Argo (Teleftjnken Co,), appears to have been commercially applied to 
high frequency work. But even in regard to this method veuy litth^ 
has been published as to the actual results obtained, other than that 
with an initial frequency of 7500 cycles per second (X = 40,000 m.) 
the efficiency of one transformation is about 85 per cent, and that of 
two transformations (four times the initial frequency) is still 00 per 
cent.3^^ 

A conclusive opinion as to the value of these methods will not bo 
possible imtil additional performance data are available and, more 
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particukirly, until we know to wluit extent the difficult problem of hold’- 
ing the speed of a high frequency alternator constant, has been solved. 

d. If the use of high frequency alternators in conjunction with one of 
these frequency transformation methods should prove to be a practical 
success, then this would at the same time bo a great step forward for 
directive signaling, which has greatly increased in importance during 
the last few years. For with alternators it is much easier to produce 
a given phase difference between two high frequency currents — for in- 
stance by coupling two machines to each other or by having two armatures 
slightly displaced with respect to each other in the same machine — than 
with tlie earlier methods [Arts. 200 and 201] which moreover never seem 
to have found any practic^al application. But as soon as it bocoiiies a 
relatively siinjole matter to generate high frequency currents having any 
desired phase diherence, a means of building directives transmitter's hav- 
ing much more aelvaiitageous distance effee*.t ediaracterislie^s than liere- 
tofore will be^ at liand. 

e. ''riiem, too, it will per'Iiaps be more^ convenient to generate the large 
quanlilics of energy iieMMleul in modern high-power stations in alternators 
than with the' olde'r m('the)els. 

The energy qaanlilies (miployed in radie)-telegraphy have been greatly 
imr'e^aseMl during re'cent yeai's. Wliere*ris only a few years ago, stations 
oper'iiting with JOO kw. were considereul as sonudhing tremendous, it is 
reporteul (hat the Mauooni transatlantie stations are^ Ixrng o(|uipi)e(l 
with 1100 Iii>., and the Tmlmkijnkkn' Ch). is building a 500 kva, higli fn'- 
queney altei'inil.or. if wo (jompare Uuvse^ high power's with the e'X- 
tre'iiK'ly low ame)unt.s of erur-gy siipi)lieMl in (,he erirly days of wirede'ss 
tel('gra])hy from small sl.oragc^ hatterie's l;o e)j)erateMUi indindlon er)il and 
tlnri (^ompare^ the^ rangers ohi, aim'd at that time^ witli the)se now attain- 
able, it we)uld se'e'in, al. lirst glancje, a,s if the aetual n'suhs ohtaijieul have 
not ke'pt paeu\ with the^ ineireaseMl energy ernploye'd in spite of the ma-ny 
i,(u;hnieal impre)vern(rit.s in the art. There may, in fa.<d-, Ix^ some truth 
ill this (see y), hut the e^xplanation lic’is partly in Ihe^ fac-t tliat we now are^ 
more critieril of range ratings tliaii feinnerly anel that our comx^jitiem ed’ 
range alway ineduele^s the ielea of constant reliable opir'iition. Then, too, 
it has been founei that the decrease in amplitudes of an aelvaiierng wave 
is more rapiel esvesn over sea water [Art. lii)h] than was forincr-ly believesd 
to be the case, so that an incroaso iu range necessitates a much greater 
increases in raeliateel energy than was expected. 

/. The same teneleiicjy toward larger dimensions in the recent <lo- 
vedopment of . .radio-tede'gi’apluc methods which manifested itself in in- 
creased energy also has led to increased wave-lengths. For high-power 
stations we have gradually reached 7000 m, waves, primarily, no doubt, 
IxKaiusc of the better daylight distance effect of the longer waves as 
compared to the shorter and, secondly, as the use of larger amounts of 
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energy, at any rate in the primary circuits of the transmitters is simpler 
with long than with short waves. 

g. The effect of this general tendency upon the antennes has like- 
wise been a transition to ever-increasing dimensions [Art. 92c, 202]. 
When practical structural limits were reached, refuge was taken in coils 
inserted in- the antenna to increase its self-induction or in the “fly- 
wheel' method of connection. This, however, greatly reduced the radia- 
tion resistance. While this is very advantageous for reception both 
in regard to effectiveness of the receiver [Art. 172] as well as in iH^gard 
to the simplicity of the connections [Art. 176], it is correspondingly dis- 
advantageous for the transmitter [Art. 99]. The cfficieiu^y is gix^atly 
reduced, only a very small part of the energy being radiated, in spih^ of 
all known methods for minimizing the antenna losses. Marconi s(u^ms 
to have drawn the right conclusions from these relations in that lu' lias 
separated the transmitting and receiving antennae in his transathuilhi 
stations, using an antenna of low radiating power for j-ecc^ption and one 
of greater radiating power for transmission. 

But the chief difficulty is encountered in the “antenna with high radia- 
tion resistance." Just how great this is in the bent Mauconi ant('iina, 
has not become known. In vertical antennse, an increase in tlu^ radia- 
tion resistance is identical with an increase in the height of the a.nt(Mina, 
the wave-length remaining the same; this correct but by no m(*a.ns simple 
method has been introduced by the Telefunken Co, in its great ant(‘nna 
(200 m. high) at Nauen. 

h. The development of radio-telegraphy as a whole in rcM^cmt yc'ars 
can undoubtedly be considered as very gratifying.*'*^*’’ The grc'at import- 
ance of wireless telegraphy as a factor in the safety of ships and th(‘ir 
passengers, has resulted in laws and regulations obligating the installa- 
tion of radio-equipment on all ships above a certain size. 

Furthermore, the field of application of wireless telegraphy has (ex- 
tended considerably. Whereas it formerly was us(m 1 only for the trans- 
mission of ordinary telegrams, it now serves as a means for furnishing 
ships at sea with regular standard time signals**'^^ and storm warnings,**^** 
for the determination of geographic longitudes^^® and also for tlui i*emot.(^ 
control of experimental recording balloons and similar meteorologi(^al 
purposes.^****’* Thus radio-telegraphy has already found a miKih more 
extensive application than one dared to hope for in the early years of it-s 
use. 

* [Translator’s Note. — Recent developments in connection with wircdcjss signaling 

for railroad operation seem to indicate the opening of still another field,] 
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Table I. — The Natural 

N = — = number of complete periods or cycles per second [Art. il]. 

CL 

In the following table the capacity is expressed in 1/1000 nif. = 10“^« c.g.s. 
units and the coefficient of self-induction in c.g.s. units. Tho figures given must bo 
multiplied by 10“ to give the values of JV. 

The following examples illustrate how the table is used for values of C and L other 
than those given: 





TAIiLES 


385 


Frequency of Condenser Circuits’” 

1. C = 11 X lO-’inf.; L = SOO c.g.s. 

‘ ‘ ^ 27r\/S00"x (if x'^io-i") ~ 2)r\/8000 X l.fx 10"“ 

= 1.70 X 10* c.yolcjj pi'.r Hc-cond. 

2. C = 0.45 mf.;L = 7000 (!.g..s. 

. .r ^ 1 1 


2)rV7000 X (450X10-i-«i 2t X 10 \/7000 X 4.5'x lO"’* 
= 0.81)7 X lO'* c.yc^h^s por Hcuioml. 



25 
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Table 11. — The Natural Wave- 

X = Qt's/CL X 10“cm. = Gtta/CL X 10®in. [See second foot-note to 
Art. 3a]. 

In the following table the capacity is expressed in 1/1000 nif. = 10 “’** c.g.s. units 
the coefficient of self-induction in c.g.s. units. The figures in the talde give the 
wave-length in meters. 

The following examples illustrate how the table can be usctl for valiums of G and L 


not given: 



1 

1.1 

1.2 

1.3 

1.4 

1.5 

2 


0 

5 

3 



100 

18.8 

19.8 

20.6 

21.5 

22.3 

23.1 

2t) 

7 

29 

8 

32 

6 


110 

19.8 

20.7 

21.7 

22.5 

23.4 

24.2 

28 

0 

31 

3 

34 

2 


120 

20.6 

21.7 

22.6 

23,5 

24.4 

25.3 

2t) 

2 

32 

6 f. 

35 

8 


130 

21.5 

22.5 

23.5 

24.5 

25.4 

26.3 

30 

4 

31 

0 

37 

_2 


140 

22.3 

23.4 

24.4 

25.4 

26.4 

27.3 

31 

5 

35 

3 

38 

6 


160 

23.1 

24.2 

25.3 

26.3 

27.3 

28.3 

32 

6,. 

36 

5 

40 

0 


200 

26,7 

28.0 

29.2 

30.4 

31.5 

32.65 

37 

7 

42 

1 {• 

46 

2 


250 

29.8 

31.3 

32. 6f, 

34.0 

35.3 

36.5 

42 

1 5 

47 

1 

51 

6 


300 

32.6 

34.2 

35.8 

37.2 

38.6 

40.0 

It) 

2 

51 

6 

56 

0 


360 

35.3 

37.0 

38.6 

40.2 

41.7 

43.2 

It) 

9 

55 

8 

61 

I 

-g 

400 

37.7 

39.5 

41.3 

43.0 

44.6 

46.2 

53 

3 

5t) 

6 

(>5 

3 

§ 

450 

40.0 

41.9 

43.8 

45.6 

47.3 

49.0 

56 

5,. 

61 

1 

(it) 

3 

09 

500 

42.1 

44.2 

46.2 

48.1 

49.9 

51.6 

59 

6 

66 

6 

73 

0 

bp 

d 

600 

46.2 

48.4 

50.6 

52.6 

54.0 

50.5,. 

05 

3 

73 

0 

80 

0 

Jti 

700 

49.9 

52.3 

54.6 

56.9 

59.0 

61.1 

70 

5 

78 

8,. 

8() 

1 


800 

53.3 

55.9 

58.4 

60.8 

63.1 


75 

4 

84 

3 

92 

3 

.2 

900 

56.5 

59.3 

61.95 

64.5 

66.9 

69.3 

SO 

0 

8t) 

1 

1 

t)7 

9 

1 

1000 

59.6 

62.5 

65.3 

68.0 

70.6 

73.0 

84 

3 

01 

1 

2 

103 


.a 

1100 

62.5 

65.6 

68.5 

71.3 

74.0 

70.6 

88 

1 

98 

’s 

108 



1200 

65.3 

68.5 

71.5 

74.45 

77.3 

80.0 

t)2 

3 

103 

,5 ^ 

113 



1300 

68.0 

71.3 

74.45 

77.5 

80.4 

83.2 

t)6 

1 

107 


118 


«4-l 

O 

1400 

70.6 

74.0 

77.3 

80.4 

83.45 

86.4 

9t) 

7 

1.11 

,5 

122 


itt 

09 

1500 

73.0 

76.6 

80.0 

83.2 

86.4 

SO. 4 

103 


115 


126 


O 

O 

2000 

84.3 

88.4 

92.3 

96.1 

96.1 

103 

119 


133 


116 


2500 

94.2 

98.8 

103 

107.5 

111.5 

115 

133 


14t) 


163 



3000 

103 

108 

113 

118 

122 

126 

146 


163 


jl7t) 



3500 

112 

117 

122 

127 

132 

137 

158 


176 


4t)3 



4000 

119 

125 

131 

136 

141 

146 

169 


188, 

,5 

206. 

5 


4500 

126 

133 

138.5 

144 

150 

155 

17t) 


200 


21t) 



5000 

133 

140 

146 

152 

158 

163 

188. 

s 

211 


231 



6000 

146 

153 

160 

166.5 

173 

179 

206. 

5 

231 


253 



7000 

168 

165 

173 

180 

187 

193 

223 


24t) 


273 



8000 

169 

177 

185 

192 

199,5 

206.5 

238 


267 


292 



9000 

179 

188 

196 

204 

212 

210 

253 


283 


310 
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length of Condenser Circuits 

1. C = 11 X L » SOO c.g.a. units 

= OirV^OO'x (II X 10-'“') X 10“ 

= Ott-v/sOOO X 1 . 1 X 10-'“ X 10“ = 177 in. 

2. C = 0.45 mf.; L = 7000 n.g.s. uuita 

= 67r\/7bO()''>r(450’y"lO-'“) X 10“ 

= 10[C7r V'7000 'x~4“5 X lO-"* X 10“] = Oliir) m. 


;i.5 

4 

4.7) 

7) 


7 

8 

0 X 10-« nif. 

;ir).3 

27,7 

40.0 

42,1 

40.2 i 

40.0 

7)2.2 , 

55.5 


^7.0 

29.7) 

41.0 

44.2 

48.4 

7)2.2 

55.0 

50.2 



41.2 

42.8 

4.0.2 

7)0.0 

7)I.O 

7)8.4 

01,06 


40.2 

42.0 

47).0 

48. 1 


.5(1 , it 

00 . 8 

04.5 


41.7 

44.0 

4:7.2 


54.0 

7)0 . 0 

02.1 

j GO . 0 


4:?. 2 

40.2 

40.0 

7)1 .0 

.50,. 5,. 

01 . 1 

07) . 2 

GO. 2 



7)2.2 

7)0 . 7)6 

7)0 . 0 

■ 05.2 

70 . .'■> 

77). 4 

«0 . 0 



7)0.0 

01 .4 

00 . 0 

! 7;i.() 

78 . 86 

81.. 2 

Sit . 4 


01. l 

07). 2 


72.0 

80.0 

80.1. 

02.2 

07.0 


00. 0 

70.7) 

74. S 

78. S., 

: 80.1 i 

02.2 

00.7 

100 i 


70 , f) 

77) . 4 

SO . 0 

81.2 

02 . 2 

00.7 

107 

112 


71. S 

SO.O 

S-l.S 

80.1 

07.0 

i()(> 

112 

120 


7S.S., 

S4.2 

so . 1 

01.26 

102 

11 l6 

I 10 

120 


SO. 4 

02.2 

07.0 

102 

112 

122 

I2I 

1 ns . i 



00.7 

100 

111..', 

122 

122 

Ml 

1 7)0 


00 7 

107 

112 

1 10 

12L 

Ml 

151 

100 


JOO 

112 

120 

120 

128.6 

17)0 

100 

170 


112 

no 

120 

122 

MO 

1 7)8 

100 

I7i) 


117 

127) 

1 22 

140 

‘ 17)2 

1 07) 

177 

188 


122 

121 

1 2S . I, 

MO 

100 

172 

187) 

100 


127 

120 

Ml 

17)2 

i 100.6 

180 

102 

204 i 


122 

111 

17)0 

17)S 

172 

187 

100.6 

212 


127 

MO 

17)7) 

102 

170 

102 

200.6 

210 


IfiS 

100 

170 

188.6 

200.6 

222 

228 

27)2 


170 

1SS.7) 

200 

211 

221 

210 

207 

288 i 


102 1 

200.7) 

210 

221 

27)2 

272 

202 

210 1 


200 

222 

227 

210 

272 

207) 

217) 

224.6 


222 

22S 

27.2 

207 

202 

217) 

227 

27)8 


227 

27)2 

20S 

282 

210 

224,6 

27)8 

270 


2-10 

207 

2S2 

20S 

220.6 

252 

277 

400 


272 

202 

210 

220.6 

27)8 

280 

4:15 

428 


20r) 

217) 

224.6 

27)2 

280 

417 

410 

472 1 


217) 

227 

27)S 

277 

417) 

4 10 

477 

7)00 


224.6 

27)8 

270 

400 

428 

472 

7)0() 

52() . 6 
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Table III. — ^Frequency and Wave-length 

AT = ^ X 10^° (cm. per sec.) _ 3 X 1 0^ (motors por so(\) . . 

X (cm.) X (motors) ^ * '* 


S.OOXlOVsec. 510 5.88X10Vsec. 910 3 .29 X lOVsoc, 2r)00 I . ISx lOV 
2.73 520 6.77 “ 920 3.20 “ 2(>()()l.ir) 

2.50 “ 530 5.66 930 3.23 “ 2050 1.13 

2.31 “ 5405.56 “ 9403.19 “ 2700 1.11 

2.14 '' 5505.45 “ 9503.16 2750 1.09 “ 


210 1.43 
220 1.36 


250 1.20 


310 9.67X10VSGC. 
320 9.38 
330 9.09 
340 8.82 
350 8.57 


460 6.67 

460 6.52 
470 6.38 
480 6.25 
490 6.12 
500 6.00 


560 5.36 
570 5.26 
580 5.17 
590 5.08 
600 5.00 

610 4.92 
620,4.84 
630 4.76 
640 4.69 
650 4.62 

660 4.55 
670 4.47 
680 4.41 
690; 4. 35 
700' 4. 29 

710 4.23 
720 4.17 
730 4.11 
740 4.05 
750 4.00 

760 3.95 
770 3.91 
780 3.85 
790 3.79 
800 3.75 

810 3.71 
820 3.66 
830 3.62 
840 3.57 
850 3.53 

860 3.49 
870 3.45 
880 3.41 
890 3.37 
900 3.33 


960 3.13 
970 3.09 
980 3.06 
990 3.03 
1000 3.00 

1050 2.86 
1100 2.73 
1150 2.61 
1200 2.50 
11250 2.40 

'1300 2.31 
11350 2.22 
1 1400 2, 14 
i 1450 2.07 
1500 2.00 

! 1550 1.94 
i 1600 1.88 
11650 1.82 
1700 1.76 
1750 1.71 

1800 1.67 
1850 1.62 
1900 1.58 
1950 1.54 
2000 1.50 

20501.46 
2100 1.43 
21501.40 
2200 1.36 
2250 1.33 

2300 1.31 
I 2350 1.28 
2400 1.25 
2450 1.22 
2500 1.20 


2800 1.07 
2850 1.05 “ 

2900 1.03 
2950|l.02 “ 

3000 I .00 

3050^9.81 X H)'/ 
3100 9.67 
31.50 9.53 
3200 9.38 
3250 9.23 

3300^9.09 
13350 8.96 “ 

j3 100 8.82 “ 

13 1.50 8.69 
! 3.500 8.57 

:15.50^8.-15 
'3600 8.33 “ 

1 36.50 8.22 “ 

13700 8.11 
,37.50 8.00 

3800;7.89 

38.50 7.79 “ 

3900 7.69 “ 

3950 7.. 59 
•1000j7.50 

!10o!7,32 “ 

4200 7. M: 

1.300 6.98 
4400 6.82 “ 

4500 6.67 

4600 6.52 
4700 6.38 “ 

4800 6.25 “ 

4:900 6.12 
5000 6.00 
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Table V. The Spark (Arc) Constants’’'"’’ 

According to Arts. 9& and 129&, the voltage, F, across th(^ polc^s of a spark gap 
(or arc) can be expressed in terms of the current, /, flowing through tlu*. gjip as follows: 


7=a+* 


(I) 


The values of the constants of the spark gap or arc, a and ft, depend upon tlu'. dis- 
tance between the electrodes, their material and their condition and tin*, gas in l.lie 
gap. 

The relation to the gap length, /, is approximately of the form 

a — flo + 0>lf\ 

1. Thus for direct-current arcs in air the following figures liavo been determined: 
Electrodes of homogeneous carbon : 


a = 38.88 + 2.074/* volts 
h = 11.66 + 10.54/ watts 


H. Ayrton®''*^ 


Electrodes of copper 


a — 21.38 + 3.03/ volts 
ft = 10.69 4- 15.24/ watts 


I Guye and ZionuiKOFr"'"’’® 


2. For alternating-current arcs, equations (1) and (2) also hold i.rue approximai.t^ly 
if V and I are taken to represent the ejfcciive voltage and (uirrent valims. .Krt>m 
observations made by Heubach'*'^- with carbon clo(d.rodes in air ((*urr(‘.nl. 1.4 and 
6.5 amperes, AT == 50 cycles per sec.), the following equations weni ohtainc.d: 


a = 23.4 + 1.21/* volts 

ft = — 13.8 4- 3.71/ watts 

3. With, damped high frequency currents (\ = 2500 m., C = 2 X lO”'*, and 1 X in”-"* 
mf. and!/ = 714 X lO-V^-nd 1480 X 10*’ e.g.s. units respectively), uuia..sunMn(Mits made 
by D. Koschansky” led to the following expression for the iiiitial amplitude., k’/u, of 
the spark voltage: 

F/o = ao + ai/t 

the values found for different electrodes being: 

Magnesium Zinc Coppeu' Silver 

flo = 34.0 30,0 28.0 42.0 volts 

ai = 7.6 10.4 10. U 10.1 volts 


* / is in millimeters, 
t / is in millimeters. 
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Table VI. — Equations for Calculation of the Coetiicient of Self-Induction”®® 

In the rollowiiiK eciuatiorw /) (UmioUw Mk? radius of the wire, r the radius of a turn, 
I the length of the coil (iiic.ludiiig tlu^ insulat.iou on the end turns), 7 i the total miiuber 
of turns, Hi the nuniher of turns per eenti meter and (j the piteh of the winding, i.e.y 
the (listanee between tbe axial centers of two {U)ns(i(nitive turns. If the lengths are 
exprc'.ssed in eentimetews, the (upiations giv(? the (Joellicnent of self-induetiou in e.g.s. 
units. 


1. IFire Loop, 

Ij„ =47rr(h)g«^| — 1.7r)) (KiucniroFiO 
L* = 47rr(l()K„ - 2) 


2. C i/lindrical voll with a singh^ layer of oidy a few turns (lb Stkasskii®®”): 


= 4rrj^?t^log,.'^^ — 1.75^ 


+ '//.(//. 




1 ) - -1 


B\ 


The values of A and B an? giv(m in the bibh^ wliieli follows. 

Cylimlrical coil whost; length is gr(‘.at in eoinparison to its dianu'.ter. For 

this, 

Jj or /v;. = 

is a V(ny rougli a.pproxiin.n,tion. 

4. (Uilimh'icdl coll with a singh^ hiycn* of turns whos(^ dijum^cn* is larger in com- 
parison to the hmgth of tin*, coil (boun ItAvnKKiii), 


L. = 


hvi- ('"*«■’ 'T I ' i ) I - 


A 


Tlui following (apiation ((Iokfi n®'’-’) hohls almost (exactly for coils of only one laycn* 
of turns whoso radius is («pia,l to tin*, (^oil hmgth a,nd is a.pproxima.t{!ly tnu^ without 
gr(*at error <n'(*n if t tu'. (a)ils a,r(5 sommvhat long(*r. 


b., ~ dn-rn- 


-!j -I- 

+ X 

^ 1:51072 


, r .(' 


Sr 


Sr 



I()l)\ 
1 20/ 


1 /' /, Sr 2\ 

1 02O- ' 1 < •‘ij 

- {log,. 

■II 1)1:501 I. 


d:5n 1 

.120; I 


- AA, 


In tluwe e(pia1.ions the eorreetion. factor — •Ir/v/. (t* T />) (E li. liosA®®”). 'PIk'. 
valu(\s of (■ and I) a-rc^ given in tlu‘. Ijibh^ following ladow. 

T) Flal apiral, in whiidi tin* product ny < O.Hr (r is he.n^ tin? radius of tlu^ middle 
turn, l.c.j th(^ mean radius) (A. IOsau®®®}. 


= 47rr I n H- //(//. — l)^h,)g« ~ 2^ — A -1- 

L ® ) C ^"'12” - 2] 1 " 


0 . Rcclanyle whose sides are a and />, of win) whose radius is p: 


La = 4 1a log,. 


2a?; 


r{a -f Va® H- ?>") 


H- h logt, 


2ah 

r (?; + Va” H- ?;®) 

+ 2(Vaa H-?;2 - a 


— ?;)1 e.g.s. units 


* L = effective coenieiont of Helf-ind\icti(ui, calculated under the assumption tliat 
the current flows only througli a very thin surface sheath or “skin.” 
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Table for A and B 


n 

! A 

i 

B 

n 

1 

B 

1 



10 

354.1 

35,094 

2 



17 

415. S 

•1 0^757 

3 

i.386 

1 8.315 

IS 

482. S 

00;427 

4 

4.970 

43.296 

10 

555.5 

7(M>li2 

5 

11.33 

140.82 

20 

034.2 

9(i,910 

6 ; 

20.90 

366.95 

21 

718.9 

119,330 

7 

34.06 

794.73 

22 

809.7 

M();.')i7 

» 8 

51.11 

1,499.55 

23 

900.0 

178,140 

9 

72.32 

2,590.62 

24 

1,009.8 

217,338 

10 

97.92 

4,187.55 

25 

1,119.4 

2.59,808 

11 

128.17 

6,572.94 

20 

1^235.4 

30.5,044 

12 

163.14 

9,769.47 

27 

.1,357.9 

3.59,707 

13 

202.1 

14,042.1 

28 

1,487.1 

121,783 

14 

248.2 

19,532.2 

29 

1,018. I 

491,819 

15 

298.6 

26,740.1 

30 

1, 705.1 

.570, .5 1.5 


Table for C 


2 p 

i 

c i 

2 p 

a 

2 ,, 

r 

9 




9 

1.00 

0.5568 

0.79 

0.3211 

0.59 

0.0292 

0.99 

0,5468 

0.78 

0.3084 

0.58 

0 . 012 ! 

0.98 

0.5367 

0.77 

0 . 29.55 

0.57 

- 0.0053 

0.97 

0.5264 

0.76 

0 . 2 S 24 

0.50 

- 0.0230 

0.96 

0.5160 

0.75 

0.2691 

0.55 

- 0 , 0 ! 10 

0.95 

0.5055 






0.74 

0.2557 

0.51 

- 0.0504 

0.94 

0.4949 

0.73 

0.2421 

0.53 

- 0.0781 

0.93 

0.4842 

0.72 

0.2283 

0.52 

- 0.0971 

0.92 

0.4734 

0.71 

0.2143 

0.51 

- 0.1105 

0.91 

0.4625 

0.70 

0.2001 

0.50 

- 0 .J 303 

0.90 

0.4515 




0.89 


0.69 

0 . 1 SS 7 

0.45 

- 0.2410 

0.4403 

0.68 

0.1711 

0.40 

- 0.3504 

0.88 

0.4290 

0.67 

0.1563 

0.35 

- 0.4928 

0.87 

0.4176 

0.66 

0.1413 

0.30 

- 0.0471 

0.86 1 

0.4060 

0.65 

0.1261 

0.85 

0.3943 

0.64 

0.25 

- 0.8204 

0.84 ‘ 

0.3825 

0.1106 

0.20 

- 1.0520 

0,63 

0.0949 

0.15 

- 1.3403 

0.83 

0.3705 

0,62 

0.0789 

0,10 

- 1.7457 

0.82 

0.3584 

0,61 

0.0626 

0.81 

0.3461 

0.60 

0.0460 



0.80 i 

0.3337 
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Table for D 


it. 1 

1) 1' 

ii 

n 

D 

1 " 

D 

1 

0. 001)0 1 

55 

0.5119 

500 

0.3;i43 

2 

0.1157 . 

40 

0,5148 

400 

0.5551 

\\ 

0.1005 

45 

0.5109 

500 

0.;i356 

4 

0.107:1 

50 

0.5180 

GOO 

o.;i;i59 

5 

0.2180 







00 

0.5210 

700 

0..3301 

6 

0.2529 

70 

0.5259 

800 

0.:i363 

7 

0,2445 

80 

0.5257 

900 

0.3304 

8 

0.2552 

1 90 

0.5270 

1000 

0.:i366 

9 

0.2004 

100 

0.5280 



10 

0.2004 







125 

0.5298 



If) 

0.2857 

1 150 

0.5511 



20 

0.2974 

i 175 

0.5521 



25 

0.5042 

1 200 

0.5528 



;^o 

0.5085 

' 


! 

' 


/ 
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Table VII.— Effective 

The figures give the rusistauee of 1 tn. in uliiiis, uiuler tlio iissiiuiplion 

are eorreet. wil liiu 




iV = 5X104 

i\r=ixio<i 

iV = 1.5X10''' 

JV’=2X1(K' 

= 2.5X10" 

,v = ;ix 10" 



cyo./sec. 

oyc./seo. 

cyc./sec. 

cy«./.s(«(i. 





X = G000 m. 

X = 3000 m. 

X = 2000 m. 

x = ir>()(i 111. 

X = 1200 ni. 

X = 1000 HI. 

0.2 

0.554 

0.55 

0.56 

0.56 

0.50 

0.56 

0 . 56 

0.4 

0.138 

0.139 

0.141 

0.143 

0.148 

0.152 

0 . 1.57 

0.6 

0.0616 

0.063 

0.067 

0.072 

0.078 

0.086 

0.093 

0.8 

0.0346 

0.0370 

0.0422 

0.0498 

0.056 

0.062 

0.067 

1 

0,0221 

0.0254 

0.0323 

0.0382 

0.0434 

0.0480 

0.052 

1.2 

0.0154 

0.0196 

0.0262 

0,0314 

0.0354 

0.0393 

0.0427 

1.4 

0.0113 

0.0164 

0.0221 

0.0263 

0.0298 

0.0331 

0.0:5.')9 

1.6 

0.00865 

0.0140 

0.0189 

0.0226 

0.0258 

0.0285 

0.031 i 

1.8 

0.00683 

0.0123 

0.0169 

0.0199 

0.0226 

o . o 2 rii 

0,0273 

2 

0.00554 

0.0110 

0.0148 

0.0178 

0.0202 

0.0225 

0.0245 

2.2 

0.00457 

0.0098 

0.0133 

0.0159 

0.0182 

0.0203 

0.0221 

2.4 

0.00384 

0.0089 

0.0121 

0.0146 

0.0166 

O . OlS.'i 

0.0202 

2.6 

0,00328 

0.0081 

0.0111 

0.0134 

0.0153 

0.0171 

0.0186 

2.8 

0.00282 

0.0075 

0.0102 

0.0123 

0.0141 

0.0158 

0.0172 

3 

0.00246 

0.0069 

0.0095 

0.0115 

0.0132 

0.0117 

0.0160 

3.2 

0.00216 

0.0065 

0.0089 

0.0107 

0 . 012:1 

0.0137 

0.0119 

3.4 

0.00192 

0.0061 

0.0083 

0.0101 

0,0116 

0.0129 

0.0111 

3.6 

0.00171 

0.0057 

0.0079 

0,0096 

0.0110 

0.0122 

0.0133 

3.8 

0.00153 

0,0053 fi 

0.0074 

0.0090 

0.0103 

0 , 011 1 

0.0125 

4 

0.00138 

0.0051 

0.0070 

0.0085 

0.0097 

O.OIOX 

0.01 18 

4.2 

0.00125 

0.00479 

0.0066 

0.0080 

0.0092 

0 . 010:5 

0.0112 

4.4 

0.00114 

0.00456 

0.0063 

0.0077 

0.0088 

0.009 K 

0.0107 

4.6 

0.00105 

0.00438 

0.0061 

0.0074 

0.0085 

0.0001 

0.0103 

4.8 

0.000961 

0.00417 

0.0058 

0.0070 

0.0081 

0.0000 

0.0096 

5 

0,000886 

0.00400 

0.0055 fi 

0.0067 

0.0077 

0.00 , SO 

0.0091 

5.2 

0.000819 

0.00383 

0.0053 

0.0065 

0.0074 

o . oos :: 

1 O . OOOOf , 

6.4 

0.000759 

0.00368 

0.0051 

0.0062 

0.0071 B 

o.ooso 

0.0086 

5.6 

0.000706 

0.00354 

0.00493 

0.0060 

0.0069 

0.0070 

' 0.0083 

5.8 

0.000658 

0.00341 

0.00476 

0.0058 

0.0066 r , 

0.0074 

' 0.0081 

6 

0.000615 

0.00330 

0.00458 

0.0056 

0.0064 

0.0071 

().()078 

6.2 

0.000576 

0.00319 

0.00443 

0,0054 

0.0062 

0.0000 

0.0075 r . 

6,4 

0.000541 

0.00309 

0.00429 

0.0052 

0.0060 

0.0007 

0.0073 

6.6 

0.000508 

0.00299 

0.00415 

0, 0050 b 

0.0058 

0,0004„ 

0.0071 

6.8 

0.000479 

0.00290 

0.00403 

0.00489 

0.0056 

0 . 000:5 

O.OOOSfi 

7 

0.000452 

0.00281 

0.00391 

0.00475 

0.0055 

0.0001 

0.0067 

7.2 

0.000427 

0.00272 

0.00379 

0.00461 

0.0053 

O . OO.IO 

0.( X )64 b 

7.4 

0.000404 

0.00265 

0.00369 

0.00448 

0.0051 

O.OOfiS 

0.0063 

7.6 

0.000383 

0.00257 

0.00359 

0,00433 

0.0050 

o.ou.ou 

0.0061 

7.8 

0.000364 

0.00251 

0.00350 

0.00426 

0.00488 

0.00/).') 

0.0059 

8 

0.000346 

0.00244 

0.00341 

0.00415 

0.00477 

0 . 00 / 3:5 

0.0058 
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Resistance of Copper Wires-^'^^ 

tluit. the specific, coiuliictivity a - 57.5 X c.j^.s. units. Tho fisures 
1 to 2 pc'.r iHuit. 


,v = s.r>xio« 

Ar = 4Xl()'‘‘ 

Ar = .|..5x uy* 

AT = 5X10 

cy<i./n(r. 



(!>'(!. /HOC. 

X“Sr)7 m. 

X = 750 m. 

X ~ 0(17 III. 

X = (,()() m. 

().5i> 

0.50 

0..50., 

0.57 

OMVA 

0.1 OS 

0 . 17.5 

0.1 S2 

{)A)\)\) 

0.101 

0.110 

0.115 

0.072 

0.070 1 

0.070 

0.0S2 

0.055f. 

0.002 

0.005 

0.000 

0.0.I5() 

0.01 SO 

0.051 

0.052 

o.o:m 

0.0405 

0.0I52 

0 . 0-1.50 

o.oo:!:? 

0.0252 

0.0272 

0.0;i!M- 

0 ()2<M 

0.0214 

0.0221 

o.o;m5 

0.02G:i 

0.027S 

0.0205 

0.0210 

0.02;’>s 

0.0251 

0.0207 

0.02S0 

0.0217 

0.0221 

0.021;’, 

0.021:1 

0.0200 

0.0212 

0 0221 

o.O'2:ii) 

0.01S5 

o.niim 

0.0207 

0.022:i 

0.0172 

0,0 is:! 

0.0102 

1 0.0201 

0.0101 

0.0171 

0.0 ISO 

0 0100 

0.0151 

0.0100 

0 0170 

0.017S 

0.01 i:i 

0 0151 

0 011)0 

O.OIOS 

0 OHM 

0.0112 

0 0151 

0.0150 

0.0127 

0.0120 

0.01 10 

0.0151 

0.0121 

0.012S 

0 . 01:10 

0.0115 

0 0115 

0 0122 

0 OHIO 

0.0 HIS 

0 0111 

0.01 IS 

0 0125 

0 OHil 

0.0100 

0.0112 

0.0120 

0.0127 

0 0101 

0.01 OS 

0.0115 

0.0121 

0 0007.., 

0.0101 

0 0111 

0,0110 

o.ooo;; 

0 0100 

0 0100 

0.0112 

0.0001 

0.0007 

0 0102 

O.OIOS 

0.00.S7 

0.0002 

0.0000 

0.0101 

0.00S4 

0.0000 

0.0005 

O.OIOI 

O.OOSl 

0.00S7 

0.0002 

O.OOOS 

0.0070 

O.OOSl 

O.OOSO 

0.0005 

0.0070 

O.OOSl 

o.ooso 

0.0002 

0 , 007^1 

0.007S 

O.OOS2 

O.OOSS 

0.0071 

0.0070 

O.OOSl 

0,00S5 

0.0070 

0.0074 

0.0070 

O.OOSO 

0.0007f, 

0.0072 

0.0077 

O.OOSl 

0.0000 

0.0071 

0.0075 

0.0070 

0.0004 

0.0000 

0.0072 

0.0077 

o.oooa 

0.0007 

0.0071 

0.0075 


JV= l()« 
<iyo. /«<'(!. 
X=s;«l() m. 

Ar = i.r,xiofl 
cye./rtoc. 
X =‘200 m. 

A/‘ = 2XUy 

«y«./.sr!c.. 

X = 150 111 . 

JV = axiOa 

X = 100 m. 

O.IU 

O.OG 

0 . 7:5 

0.80 

0. 2-^15 

0.202 

o.:i2S 

0.200 

0.150 

0.187 

0.21:1 

0.257 

0.110 

0 . 1:20 

0.157 

0.100 

0.108 

0.124 

0 . 1 : 5 s 

0.151 

0.07-1 

O.OSO 

0.1015 

0.125 

0,002 

0.070 

0 . 0S7 

0.100 

0.0.51 

0.000 

0.070 

0.002 

0.0480 

0.05S 

0.007 

0.082 

0.0-l;!2 

0.052 

O.OOL 

0.074 

0.0:i<)2 

0.0-170 

0.0551 

0.007 

0.0:i.57 

0.0-HlS 

0.0500 

0.002 

0.0H2!) 

0.0-100 

0.0400 1 

1 0.057 

o,o:i07 

o.o:i7o 

0. 0-1:12 : 

, 0.052 

0.0287 

().o:i50 

0.0105 

! 0.0-107 

0.0207 

0. 0 : 12 s 

o.o:isi 

0.0150 

0.0252 

0.0:100 

0.0:157 

0.0-1 21 

0. 02:10 

0.0202 

0.0:1:17 

0.(M07 

0.0225 

0.0277 

0.0214 

{).0:i80 

0.02M 

0.0202 

0.0:100 

0.0:100 

0.0205 

0.0210 

().02S5 

o.o:mo 

0.0100 

0.02:15 

0.0272 

0.0:1:11 

0.01S7 

0.0225 

0.0200 

o,():’,i7 

0.0177 

0.0210 

0.0250 

0.0:101 

0.0100 

0.0207 

0.02-10 

0.0202 

0.0102 

0 0100 

0.0220 

0.0281 

0.0150 

0 0102 

0.0220 

0 0271 

0.0152 

0.01S5 

0.0212 

0.0201 

0.0110 

0.0170 

0.0202 

0.0252 

O.Olll 

0.0172 

0.0100 

0.0212 

O.OHIO 1 

0.0107 

0.0102 ' 

0 . 02:15 

0 . 01:12 

0.0102 

0.0 ISO 

0.0228 

O.OHJS 1 

0.0157 

o.oisi 

0.0221 

0.0122 

0.0151 

0.0175 

0.0211 

0.0120 

0,0 HIS 

0.0172 

0 . 020 s 

0.0117 

0.0142 

0.0100 

0 . 020:5 

0.0114 

0.0120 

0.0100 

0.0100 

0.0111 

0.0125 

0.0150 

0.0102 

O.OIOS 

0.0122 

0.0152 , 

0,0 ISO 

0.0105 

0.0120 

0.0 148 1 

0.0182 
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Table VIIL — Maximum Diameter of Resistance Waves*'*^’*'’ 

At the diameters given in the table (in millimeters) the resistance dilTers by 1 
per cent, from the D.C. resistance. If the difference is required to be witliiii O.l 
per cent., the wire diameter must not be more than about half (0.50, to ()xac,t) 
the value given in the table. A wire of twice the diameter in the table (or leather, 
1.78 times the diameter) involves a 10 per cent, difference. 




1 Maxiituini (liiimt’U'r in iiiilHnii'na'H 


Conrluctivity 

— 

— 


- - 


in o.g.H. unitH 


iV=2,r)XioB 

7V = r»X10r“ 

10" 



cye./st!c. 

cy«./8(‘n. 

n.Vi‘./H<'(!. 

H.V 



\ = (i000 in. 

X = 120() rn. 

X = ()()() ni. 

X « 1L>() in. 

Iron : 






Permeability 3000 

10X10-® 

0.019 

0.00S4 

0.0060 

0.0027 

1000 

lOXlO-s 

0.033 

0.015 

0.010 

0 . 0()4() 

300 

10X10-“ 

0.059 

0.027 

0.018 

0 . ()()«4 

100 

10X10-“ 

0.09!) 

0.044 

0.031 

0.014 

10 

10X10-“ 

0.33 

0.15 

0.10 

0.046 

Gold , 

45X10-“ 

0.56 

0.25 

0.17 

0 . 070 

Copper 

57.6X10-“ 

0.49 

0,22 

0.15 

0 . 0060 

Konstantan 

2X10-“ 

2.6 

1.2 

0.83 

0.37 

Manganin \ 

Nickelin j 

2.4X10-“ 

2,4 

1.1 

0.75 

0.34 

Platinum 

10X10-“ 

1.2 

0.57 

0.37 

0.17 

Graphite* 

0.08X10-“ 

13.2 

5.9 

4.2 

1.9 


to 






0.4X10-“' 

5.9 

2.7 

1 .9 

0.84 

Carbon (arc-lamp) 

0.025X10-“; 

23.6 

10.6 

7.5 

3 . I 

Mercury 

1.06X10-“' 

3.6 

1 .6 

1 .1 

0.51 

Concentrated CuSO^ solu- 

1 





tion 

4.6X10-“'| 

175 

78 

55 

25 


* For a rectangular section, the figures give, with (dose a.i)])n)xinijiti()n, i,h(^ iiuixi- 
inum value which the largest diameter may have, if the diflenmce Ixitwt^mi eflectivci 
and D.C, resistance is to be not greater than 1 per cent. 
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Table IX. — Gap Lengths and Corresponding Minimum Discharge Voltages®^ 

For ahori gapn: 




iOO 


WIRELESS TELEGRAPHY 


For longer gaps: 



Maximum Gap Length in cm. 

Fig. 469. 

In those figures (468 and 469), r is the radius of the splnu-UMil (^l(M*-tr()(l(w; tlio 
dotted curve in Fig. 469 refers to very shallow b()wl-shn.p(Ml (ihM'.trodes. 

The values plotted arc the normal discharge or ignition voilagcs^ i.c.^ (.lu^ voll.{ig(*s 
which are just sufficient for the discharge to take place in air having no n,i)pr(u'i!ihl(^ 
ionization. 

The values of Fig. 468 are due to A. HEYDWEinLEU,®'^ those of 469 l.o ( 1. M tin- 
ler« 56 (for the short gap lengths) and Hupica”^ and those for thedoMcul ciirvcun J-'ig. 
469 are due to W. Weicker;®^ barometric pressure 745 nun., teinpenit.iire about IS" 
C. The figures for Fig. 468 wore determined in dry air at IS® C, t(unperature and 7-15 
nim. pressure; an increase of 8 mm. pressure and a decrease of 3° tcinperaturci cause 
an increase of 1 per cent, in the voltages. 
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Table X. — Determination of Percentage Coupling 


According t.o Art. 87, tlio dc^grcc of coupling is 



In the following (.ji])lc, the degree of (ioupling is given in pen’cuitage; tlius for 
K' - 0.02 tlio figure given is 2 (p(5r cent.). 



r 




'‘^,r 'V 

INT<*cT»f.JiKr 


PcrccniMK*' 

A^ 

rrivnilii^c 

A yjl 

roupliiiK 

A y// 


s' 

r<)U|iliu(r 

0.000 

0.20 

1.001 

0.20 

1 001 

O.IOO 

o.oos 

O.-IO 

].()()2 

0 -10 

1 .002 

0.200 

0.007 

0 (>() 

! 1.008 

0.()0 

1.008 

0.200 

0 . OOG 

0.80 

1 .004 

0.80 

1 .004 

0.808 

0 , OOf) 

1.00 

1 .OOf) 

1.00 

I .005 

0. 108 

O.OIM 

1.20 

1 .000 

I . 20 

1 .000 

0.500 

o.oo:{ 

1.-10 

1.007 

1 .10 

I .007 

0.005 

0,002 

1 . r)0 

1 .008 

1.01 

1 . 008 

0,700 

0.001 

1.7!) 

I .000 

1 81 

I . 000 

0,807 

0.00 

1 . 00 

I 01 

2.01 

I 01 

0,00 

0.08 

d.OG 

1 .02 

2.0-1- 1 

1 02 

1 .08 

0.07 

4.01 

1 .08 

0 00 ! 

I .08 

2.07 

O.OG 

7.81 

1 01 

8.10 

1 .04 

8.02 

O.Of) 

o.7r) 

1 .05 

10.2 

I . 05 

•1.87 

O.O'l 

II.G 

1 .00 

12.4 

1.00 

5.82 

o.o:i 

18. T) 

1 .07 

M.5 

1 .07 

0.70 

0.02 

15.4 

1 , 08 

10.0 

1 . 08 

7 . ()8 

0.01 

17.2 

I .00 

18.8 

1 .00 

8 . 00 

0.00 

10.0 

1 . 10 

21.0 

1 . 10 

0 . 50 

0.80 

20.8 

1.11 

28.2 

1.11 

10.4 

0.88 

22.0 

1.12 

25.4 

1 . 12 

11.8 

0.87 

24.8 

1.18 

27.7 

1 . 18 

12,2 

0.8G 

20.0 

l.M 

80.0 

l.M 

18.0 

o.8r) 

27.8 

,1,15 

82.2 

1.15 

18,0 


20 
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Table XI. — Resonance Curve of the Current Effect [Art. 74tt] 

Let iU jiud (h reprosont the (loc-rcnicuts of the prinifiry and socoiulary circuits, 
rcspoctivoly, /v/ the current effect hi the scKiondary circuit and /^r<//thc same at 
resonance between the two circuits. The resonance curve is obtained by plotting 
t he values of the ratio I\ff : I\ „// as ordinates, y, and th<? values of tlie dissonaiuje 

between th(‘. two circuits as abscissie. , Let x = *- *- the meaning of Xi and 
being obvious from Fig. 470. Then: 

(li + da = X X ’ 

\1 - 2 / 

= 

The assumptions are: 

1. :r< 1.0. 

2. di +d2<^27rand 

,*b Very loose coupling between primary and secondary cinuiits. 

In the following table the valuta of A and log A. is giv(ui for diffenmt valmns of //. 


u 

log A 

\ 

0 . oos 

2.1472 

0 . 000 

1 . ooo:i 

0.004 

1 .007S 

0.002 

1 .S-MO 

0 . 000 

1.7000 

0 . OSS 

1 .7,500 

o.oso 

1 .7221 

O.OSl 

1 .0020 

0 . 0S2 

I . 0000 

0 . oso 

i.oi;m 

0.07S 

1 .0221 

0.070 

1 .002S 

0.071 

1 .,5S.50 

0 . 072 

I . ,50S4: 

0.070 

1 I.,5,5;{0 

0 . OOS 

i i..5;iso 

0.000 

I . ,5240 

0.001 

1..5I2I 

0.002 

1.4004 

0.000 

1 .4,SSS 


vl ! // 


MO I o.or)S 
90.2 0. 1)7)0 

80.0 0.9r>l, 

70.0 0.07)2 

02.7) 0.07)0 

7)7.0 0.017) 

7)2.7 O.OK) 

‘10.0 ().0;)7) 

'10 4 O.OOO 

•M.O 0.027J 

‘ 11,0 0.020 

40.1 0.017) 

OS. 7) 0.010 

07.0 0.007) 

0,5.7 0.000 

04.. 5 O.SO 

00.7) O.SS 

02.. 5 0.S7 

01.0 O.SO 

00. S O.Sf) 


log A .1 



.27)22 17.0 

.200S 17.0 

.2110 10.0 

.1024 1,5.0 

..17‘1S 1,5.0 
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Table XI. (Continued) 


y • 

log A 

1 ^ 

1 

y 

loR A 

A 

0.84 

1.1583 

14.4 

0.39 

0.7011 

5.02 

0.83 

1.1425 

13.9 

0.38 

0.0919 

4,92 

0.82 

1.1274 

13.4 

0.37 

0.0827 

4.82 

0.81 

1.1130 

13.0 

0.30 

0.0734 

4.71 

0.80 

1.0993 

12.6 

0.35 

0 . G 638 

4,61 

0.79 

1.0859 

12.2 

0.34 

0 . G 542 

4.51 

0.78 

1.0730 

11.8 

0.33 

0 . 04-^14 

4.41 

0.77 

1.0606 

11.5 

0.32 

0 . G 345 

4.31 

0.76 

1.0485 

11.2 

0.31 

0.0245 

4.21 

0.75 

1.0367 

10.9 

0.30 

0.0142 

4.11 

0.74 

1.0253 

10.6 

0.29 

0.0033 

4,01 

0.73 

1.0141 

10.3 

0.28 

0.5932 

3.92 

0.72 

1.0032 

10.1 

0.27 

0.5823 

3.82 

0.71 

0.9931 

9.84 

0.20 

0.5711 

3,72 

0.70 

0.9822 

9.60 

0.25 

0.5597 

3.03 

0.69 

0.9719 

9.37 

0.24 

0.54 79 

3 . 53 

0.68 

0.9619 

9.16 

0.23 

0.5358 

3.43 

0.67 

0.9518 

8.95 

0.22 

0.5234 

3.34 

0.66 

0.9422 

8.75 

0.21 

0.5105 

3.24 

0.65 

0.9326 

8.56 

0.20 

0.4971 

3 . II 

0.64 

0.9230 

8.38 

0.19 

0.4834 

3.01 

0.63 

0.9137 

8.20 

0.18 

0.4090 

2 , 91 

0.62 

0.9045 

8.03 

0.17 

0.4539 

2 . 8-1 

0.61 

0.8963 

7.86 

0.10 

0 . 4.381 

2 . 71 , 

0.60 

0.8862 

7.09 

0.15 

0.4210 

2.01 

0.69 

0.8772 

7.54 

0.14 

0.4010 

2 . 54 

0.58 

0.8683 

7.38 

0.13 

0.3851 

2 . 13 

0.57 

0.8694 

7.23 

0.12 

0 . 3050 

2 , 32 

0.56 

0.8505 

7.09 

0.11 

0.3442 

2.21 

0.55 

0.8418 

G .95 

0.10 

0.3211 

2.09 

0.54 

0.8330 

G.Sl 

0.09 

0.2958 

1 .98 

0.53 

0.8243 

G . G 7 

0.08 

0.2079 

1 . 85 

0.52 

0.8156 

G .54 

0.07 

0.2305 

1 .72 

0.61 

0.8069 

G .41 

0.06 

0.2008 

1 . 59 

0.50 

0.7982 

0.28 

0.06 

0.1588 

. 1.44 

0.49 

0.7895 

0.16 

0.04 

0.1081 

1 .28 

0.48 

0.7808 

G .04 

0.03 

0.0434 

1 .10 

0.47 

0.7721 

5.92 

0.02 

0 . 9531-1 

0.90 

0.46 

0.7634 

5.80 

0.01 

0 . 8004-1 

0 . 03 

0.46 

0.7646 

5.68 




0.44 

0.7459 

5.57 




0.43 

0.7370 

5.46 




0.42 

0.7281 

5.35 




0.41 

0.7192 

5.24 




0.40 

0.7102 

5.13 
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Table XII. — ^Resonance Sharpness p — , . [Art. 7or] 

«i i“ (hi 


d\ 

P 

<h + ih 

P 

r/i + tk 

p 

ih + (h 

P 

O.OlO 

028 

0.033 

100 

0.050 

112 

0.07!) 

79.4 

0.011 

571 

0.034 

185 

0.057 

no 

0.080 : 

78.5 

0.012 ‘ 

524 

0.035 

170.5 

0.058 

108 



0.013 

4s:{ 



0.050 

100.5 

0.081 i 

77.6 

0,014: 

440 

0.030 

174.5 

0.000 

105 

0.0S2 

76.0 

0.015 

410 

o.o;j7 

170 



0,083 ! 

75.7 



0.038 

105 

O.OOl 

103 

0.0.S4 

74.8 

O.OIG 

303 

0.030 

101 

0.002 

101 

0.085 

73.0 

0.017 

370 

0.040 

157 

0.003 

00.7 



0.0 IS 

340 



0.004 

08.2 

0.080 

7:?.l 

O.OU) 

331 

0.041 

153 

0.005 

!)(i.7 

0.087 

72.2 

0.020 

314 

0.042 

150 



0,088 

71.4 



0.043 

140 

0,0()0 

05.2 

0.080 

70.0 

0.021 

200 

0.041: 

113 

0.007 

03.8 

0.000 

GO. 8 

0.022 

280 

0.015 

140 

0.(H>S 

02.4 



0.023 

273 



0.0()0 

01 . 1 

O.OOl 

00.0 

0.024 

202 

0.010 

137 

0.070 

80.8 

0.002 

08.3 

0.025 

251 

0.017 

134 



0.003 

07.0 



0.018 

131 

0.071 

88.5 

0.004 

00.8 

0.02G 

212 

0.010 

128 

0.072 

87.3 

0.005 

00.1 

0.027 

233 

0.050 

120 

0.073 

80 . 1 



0 . 02S 1 

221 



0.071: 

85.0 

0.000 

05.5 

0.020 

217 

0.051 , 

123 

0.075 

83.8 

0.007 

04.8 

0.030 

200 

0.052 

121 



0.008 

01 . 1 



0.053 

1 18.5 

0.070 

82.7 

0.000 

03.5 

0.031 

203 

0.054 

1 10 

0.077 

81 .0 

0.100 

02.8 

0.032 

100 

0.055 

111- 

0.078 

80.5 




Table XIII. — The Radiation Resistance of Antenn® 


AtM^ordinm to Art. lOOr, iJui nidijil.ioi) r(^sisUin('.(‘, /i‘v, of a?i luil.ouna vvlioHa IumkIiIv 
is h aiul form fa(d.or is a and wliic.h is (UMud-tul on piround of coudiicUvity, is f>;iv(ui 

l>y: 

It'S = = c**® X IOOf'® oliniM. 


In tlio following t-ablo tho dilT(!nm(, valuos of tlio (‘.xprtissiou IGOtt- 



ar<i given. 


Tlerujo tho radiation rosistancu? in ohms is found by multiplying the figure givon iu 
the table by the Hcpiarc'. of tlui form factor of the antenna. 





WIRELESS TELEGRAPHY 



Height of antenna in meters 
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Wiivo Icniglh X in inotcira 


I 



2500 

3000 

3500 

4000 

4500 

5000 

5500 

0000 

6500 

7000 


10 

0.0253 

0.01751 

0.0120 

0.00087 

0.007SO 

0.00032 

0.0052 

0.00439 

0.0037 

0.00332 


15 

0.0508 

,0.0305 

0.0200 

0.0222 

0.0170 

0.0142 

0.0117 

0.00987 

0.0084 

0.00725 


20 

0.101 

0.0702 

0.0510 

0.0506 

0.0312 

0.0253 

0.0209 

0.017.5r, 

0.014.9, 

0.0129 


25 

0.158 

|0.110 

o.osno 

0.0617 

0.0487 

0.0395 

0.0326 

0.0274 

0.0234 

0.0210 


30 

0.227 

0.15S 

0.110 

O.OSSS 

0. 070*2 

0.056S, 

0.0470 

0.0395 

0.0336 

0.0290 


35 

0.300n 

0.215 

0.158 

0.121 

0.0055 

0.0774 

O.OlWOs 

0.0537, 

0.0458 

0.0395 


40 

0.'104 

0.2S1 

0.200 

0.1 5S 

0.125 

0.101 

0.0835 

0.0702 

0.0598 

0.0516 


45 

0.512 

0.355 

0.201 

0.200 

0.1 5S 

0.128 

0.106 

0.0888 

0.07.57 

0.0653 

s 

50 

0.032 

0.430 

0.322 

0.247 

0.105 

0.158 

0.130, 

0.110 

0.0934 

0.0S06 

55 

0.704 

0.531 

0.300 

0.20s, 

0.230 

0.101 

0.158 

0.133 

0.113 

0.0979 

<u 

a 

()() 

O.OlO 

0.052 

0.404 

0.355 

0.281 

0.227 

0.1, ss 

0.1.58 

0.134 

0.110 

()5 

1 .07 

0.741 

0.544 

0.417 

0.320 

0.‘2(>7 

0.221 

0.185 

0.158 

0.136 


70 

1.24 

O.SOO 

0.031 

0.4S4 

0.382 

0.300, 

0.256 

0.215 

0.183 

0.158 

c3 

3 

75 

1.42 

|0.0S7 

0.725 

0.554 

0.430 

0.355 

0.294 

0.247 

0.210 

0.181 

g 

SO 

1.02 

1.12 

0.S25 

0.032 

0.400 

0.401 

0.334 

0.281 

0.239 

0.206 

d 

d 

S5 

I .S3 

L.27 

0.031 

0.713 

0.503 

0.150 

0.377 

0.317 

0.270 

0.233 

Q 

00 

2.05 

1 .42 

1 .04 

0.800 

0.032 

0.512 

0.423 

0.355 

0.303 

0.261 

-t-J 

05 

2.2S 

1 .58 

1 .10 

O.SOl 

0.704 

0.570 

0.1 71 

0.396 

0.337 

0.291 

.Ip 

100 

12.53 

,1 .75., 

1 .20 

0.087 

0.7S0 

0.032 

0.522 

().439 

0.374 

0.322 

W liol 

'3.00 

2 12 

1 . 50 

1. 10 

0.013, 

0.701 ' 

0.632 

0.531 

0.452 

0.300 


120 

.3.0L 

2! 53 

1 . 80 

1.42 

1 . 12 

0.010 

0.752 

0.632 

0 . 538 

0.464 


130 

'•1.27 

2.00, 

2.18 

1 .07 

1 .32 

1.07 

0.882 

0.741 

0.631 

0.545 


110 

j 1.05 

3.44 

2.53 

1 .03 

1 .53 

1 .24 

1 .02 

0.860 

0.732 

0.632 


150 

j 5 . OSf, 

3.05 

2.00 

2 22 

1.70 

1.12 

1.17 

0.987 

O.SIO 

0.725 


100 

Il-17 

1.10 

3.30 

2.53 

2.00 

1 .02 

1 .34 

1.12 

0.957 

0.825 


170 , 

7 .;’»o 

5.07 

3.72, 

2 85 ! 

2.25 

1.83 

1 .51 

1.27 ' 

I . 08 

0.931 


ISO ' 

!s. 10 

5.08., 

1.18 

3.20 

2.53 

2 . 05 

1 . ()9 

1.42 

1 .21 

1 .01 


100 

0,12 

0.33, 

•1.05 

3 . 50 

2. SI, 

2.28 

1.88, 

1 . 58 ' 

I .35 

1. 16 


200 

1 

10.1 

1 

7.02 

5. 10 

3.05 

3.12 

2.53 

! 

2 09 

1.75 

I . 49, 

1 .29 
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This follows from the well-known ‘Helegmpli (‘(iimt.ion” of KnnniiioKi''. See, 
e.fir., B. C. Tissot.i 

Experimental method for determining tlie eurreiit anti-node in an oihmi o.seiliator, 
A. Esau, Phys. Zcitsehr., 13, 495, 1912, 

If the current, /, is of the form 

I — h sin w/, 


<;hen at a distance r, 

E - Eq cos 


(^(ai 


2irr^ 

X 


)■ 


iind M == Mo cos 



27rA 

X / 


(The algebraic sign before E and M being in accordanc.e wil.h I<'ig. )17, p. 115, 
1 is taken positive in direction from A to B.) 

M. Abraham, Theorie der Elektrizitiit II, p. 280. Leipzig, 11)05. A])pli(‘a.lion to 
various forms of oscillators by A. Montel, Liim. 61., 6, 199, 207, 1909. 


36/, 



I 

lodx {I = length of oscillator). 
0 


33 In this case, we have for each half of the oscdllator, 



|/g1 2 


where x — distance from middle of oscillat-or. Ihuuu^ 
37 Here 


Iq — |/oI cos ■ ^ ' 



37« This follows directly from the fact that the radiation } I EM] in which 

•ITT 

[EM] is the product of the vectors E and M. 

3® This is easily arrived at from M. Abraham, p. 801 al wr/. 

3»R. Rudenberg, Ann. Phys., 26, 446, 1908. Also see II. Harkiiaiisen, Jalirh., 2, 
40, 1908. P. Barreca, Jahrb., 4, 81 el tteq.^ 1910. 

'*3 All difficulties which otherwise are apt to bo oneountered in (u)upl(«l circuits (^{in he 
avoided by proceeding as follows; At any point x on tlie oscnlla-tor, the eurnwit 
is 

I ^\I\ fix); V =^\V\<pix) 


Furthermore let the energy consumed per second as lieat Ix^ (*.xpnws(Ml ])y 


R^^'^f(x)^-dx 


ad) X Pdx = h 

dng incliid 
1 oscillatio] 


(the integral in this and the following includes the ont.ij’<*. oscdllator), the energy 
of the magnetic field, so far as the oscillations are coiicornod, by 
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iiiid the iiiiorgy of Ui<! (dontriwil fiold l)y 


Mordovor 


1,2 f.<’ 


|/|“ 




= -II- I 


1/. 


Tlio (lil'fdnmti.'il (iqiiJitioii of tlid osdilhii.ioii is tlidn: 




Ul"- I + !, ■ i |/|“ I + 


5 / 2 ' 




f'('V(-r)=d.i; = 0 


i!i/| 

SI 


• y' «C'>/(.r) V.i: + /v(»y(x)“dx + |/ 


/ 


r'(n^(.r)‘W.r 


- 0 




'^I’liis cMri ])(^ nMludcul to IIhisjuik'. form ns porlnins lo Mm milunil oscillntioiis of Ji 
(‘oiuUmsiM* circuit, viz, : 

SI ^ sr- " 

by suhstitiUl iiiK (ho vsiluos: 

/f = r/.i('V(j-)VA 


-/ 

L = y LO^fixYilx II 

a = J"r('V(x)v.i; 


^ f’<IV(x)dx 
j ('(i)y.(x)'-,/x 


Tlio ])r(nu*.(linp; applies to oscillntors wiMioiii. condemsors in s(mm('s Imt is ('.asily 
ino(li(i(*.(l so as t.o apply to oscillators lijiviti|j: s<M’ic?s condoiiscrs. 

A. IbiONUML, Assoc, fraiii?. juiur ravaiuumiont d('S sci(‘uc,(*.s. (’oufiircs d’Anjj;c.rs, 
lt)():b 

lOhnuc.utary tnaitmoiit of tho a(dJon. of capac.iti(W and indiict.ivo coils in, a-uMwimc, 
son, A. (luYAU, Lum. ol., 16, ];{, 1011. 

D(d.a.ilo<l troatmont in 7?ilAS’, p. 400 cl mf. 

Discussions of confHcioiits of S(5lf-indu(d.ion and mutual induction: Cl. CJuauu, 
Jahrl)., 2, JlOl el acq.j 501 el acq.j 595 el ,scf/., 1909, and particularly 10. Ib ICoha 
and F. W. (litovi'Ui, Bullet. Bur. of Stamhirds, 8, 1. el .scr/., 1911. 

Articles on the resistance, self-indiictiou and capacity of {'.oils of soli<l wire and 
wire braid: (1) Theoretical: A. B()MMEu 1 ''kld, Ann. Pliys., 24, 009, 1907. 
J. W. Niuiiolson, Jahrl)., 4, 20 cl aeq.f 1910. L. CloinoN, Bull. Bur. of Htand- 
ards, 4, No. 70, 1907-190S. W. Lmnz, Ann. Phys., 37, 925, 1912. H. 0. 
MSllmh, Ann. Phys., 36, 758 el scq,j 1911 (regarding braided wires). Experi- 
mental: Th. P. Blaok, Aim. Phys., 19, 157, 1900, A. Muishnwu.^" A. IOhatt, 
referonco list summarizing his articles: Jahrb., 4, 400 el 1011, 11. Lindb- 
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MANN, reference list of articles: Jahrb., 4, 561 cl m/., 1011. K. Heuumann, 
Verh. physik. Ges., 13, 978, 1911. 

Concerning the effective resistance of wires subjected to two siniultaiKioiis undain])(M], 
sinusoidal and damped, non-simisoidal oscillations: liiiYUNSKi, Hull. d() la 
soc. intern, des (ilectriciens (2), 6, 255, 1906. 

Rheostat, for rapid oscillations, of wires having small cross-scud, ion and low cu)ndii(^-' 
tivity: C. Tissot, Bull, de la Soc. intern, des electr. (2), 6, 840, 1006. \\'. 

Hahnemann, Jahrb., 2, 314, 1909. 

P. Brenot, Luin. 61., 16, 259 el seq,j 1911. 

■‘“Resistance and current distribution in rectangular win^ (ba,nds): W. Edwaud.s, 
EL, 68, 18, 1912 (theoretical). J. Bethenod, Jalirb., 2, 379 el ne.g.j 1000 (ex- 
perimental). 

““ N. Tesla’s researches in polj^phase currents, by Tir. CL Maicpin, pji. 222, 31-1. 
(Halle, 1895.) 

Construction of C. Lorenz Co. to whose courtewy tlu^ illuslra-tion is (lu(\ 

“1“ This is not the only possibility. For instance, the sanui iina.g(^ would be i>rodu(UMl 
if the discharge frequency and the revolutions jau- so(U)nd wer(\ in the ratio 
3 : 4 or 5 : 4. 

E. Nesper, Jahrb., 2, 92 et seq., 319 el seq.j 3, 370 el neq,^ 1010. 

®®The Rendahl variometer was apparently proposed iiuhipemh'.ntly ])y Peri (hv.o. 
ETZ, 32, 247, 1911). 

6^ Thanks are due to the Dr. E. F. Huth, G. m. b. IL, Ihu-lin, HO, Frdmannshof, for 
this illustration. 

Thanks are due to Dr. L. Cohen (Nat. Eloc. Sign. Co.), for this illustration. 

See J. Moscigki, ETZ^ 26, 527, 1904. C. Muller (Ann. IMjys., 28, 535 el neq., 
1909) also proposed a good form of jar. 

Compressed air (or gas) condensers, proposed by T. Jiorvis-Smith (Nature, 48, 61, 
1893, quoted in EL, 66, 912, 1905). R. bhossENOEN, ETZ, 1905, 950. M. 
WlEN.l^ 

In regard to the dielectric strength of comprcss(ul gas{^s s(u\ M. Wole, Wi(Ml. 
Ann., 37, 306, 1889, and E. A. Watson, Journ. Inst. Ehut. Ejigs., 40, (>, 1903. 
“^“According to G. W. Pierce,^ p. 114, the variable coialeowu- was j)?*o()os(ul by 
Korda as early as 1893. 

5® From a pamphlet of the physikalisch-tcchnischcn Laboratoriuin : J)r. (L Seiut, 
Berlin-Schonebcrg. 

6® From Jahrb., 4, 439, 1911. 

“ Construction of H. Boas Co. (Berlin). 

From Jahrb., 4, 229, 1911. 

See P, Brenot, Lum. el. (2), 11, 427, 1910. 

57 

This, of course, also follows directly from / = ^ ’ 

Gap length and breakdown potential: A. Hetdweiller, Wiod. Ann., 48, 235, 
1893. S. M. Kintner, Proc. Amer. Inst. EL Engs., 24, 523, 1905. J. A. 
Fleming.^ More recent works are: J. Algermissen.®'* E, Voi<rr, Ann. 
Phys., 12, 403, 1903. C. Muller®® (in conjunction with Muller, s(U'. M. 
Toepler, Ann. Phys., 29, 153, 1909), E. Hupka, Ann. Phys., 36, 440 el aeq., 
1911. W. Weicker, ETZ, 32, 436 et seq.j 460 et seq.j 1911. In r{?gard to prin- 
cipal points in measurement of gap length see M. Toepler, Ami. Phys., 19, 
191, 1906; ETZ, 28, 998 et seq., 1907. 

®® See J. Algermissen, Diss. Strassburg, 1906; Ann. Phys., 19, 1016, 1006, 

®« E. Warburg, Wied. Ann., 69, 1, 1896; 62, 385, 1897. 

®^ If 7 is the potential across a poor insulator of resistance R, then the quantity of 
electricity which is lost by leakage through the insulator in a given time, t, 
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1 

ia oqual to yj I | K| (/< (in wliioli | K| ia the absolute value of K). Tlie quantity 
•^0 

lost, t.hor(tlV)i-(i, iu(iroiis(is iis tlui dunilioii of tho ])otonfci!il iucroiisos. 

Coiioorning iiisiiliiting niatorialw for rapid oscillations sooS. li. Hills, El., 66, 303, 

1010. 


/V 


- 'h 




«i) — i ' 2 (( i ^ fQ|. / -- /yg !/’*’ ^ fi ^ 27r [Art. 8c]. 

X T/a ^ / a \ 

IHl = /«*“, if / = /,) ( 1 — / j sin u)t and 1 


[Art. 9a]. 


Son A. Wasmus, Diss. Jinuuisc^hwoig, 1900. A’7’Z, 31, 199, 1910. 

Jahrb., 6, 517, 1911; Jahrb., 6, 28, 1913 . W. Stkiniiaus Phys. Zoitschr., 12, 057, 
1911. 


A. lOsiMNosA DK LOS IVlONTKUOs, Jahrb., 1, 323, 1908. 

Artichis on buloinotors: (\ Tissot, Ann. Oliim. Phys. (8), 7, 1900 or snpanitoly ; 
JOtinlc. do la. rn.sonaiKa'. dns systonins (ra,ntnnn(‘.s, j). 20 el ,s 7 y/., Paris, 1900. 
K. E. V . S<Mii\in)T, Phys. ZniUsctlir., 8, 001, 1907. Ib'n.A (Iati, EL, 68, 9S3, 1907; 
Jahrb., 2, 109, 1908; Phys. Znitsclir., 10, 322, 897, 1909 . J. H.aiiti«]N kiianz, 
IMiys. /(‘itsrhr., 10, 93, 1909. II. ZiiLLicii, Phys. Znitschr., 10, 899, 1909 . 
\V. Kmmi’h, Phys. Zn.il.sclir., 11, 331, 1910 , IL S. (^)imon, Joiirn. Inst. El. 
Engs., 39, 50;i, ioOT. 

Artich's on th(a-niocoupl<\s; II. Hhandks, Phys. Zcitsc.hr., 6, 50:1, 1905 . W. Volcjk, 
A’V’Z, 1906, 107. b. W. Austin, Phys. Z(*.it.schr., 12, 1 133, 1220, 191 1. C . M. 
Dovvsr,, EL, 66, Ttif), 1910. 

W. Duddkll, Phil. Mag. (0), 8,91, 1901; Electrician, 66,200, 1905. 

W. (Ikulauii, Phys. Znitschr., 13, 589, 1912. 

Esimnosa i>i<; i.os MoNTiaios, Jahrb., 1, 327, 1908. 

'Mi. W. Austin, Bull. Bur. Sla,nd, 7, 315, 1911; Pliys. Ziatschr., 12, 1 1;13, 1911. 
According to llu^ la, I ha' article', th(^ “ jau’ilvon ” (h'.tnctor produceul a dcdlc.ction 
of ;» scale*, elivisieins in a. 2()()0 e)hm ga,!va.ne)nicte*r (1 scale*, eliv. = 1.28 X lO"'-’ 
amp.), lor a Mohsk elash whe*n the*, (.ejiic was just aiielible*. in the* most se*.nsitive.^ 
teh*.phe)ne*.s. In re^ga.rel Id a. imigne'.tiei eled4U'.te)r for nMaisiiring puri)ose*.s son It. 
AiiNe'), liUni. e9. (2), 6, 3M, 1909. 

That is, 


d/a d/i 

till — ^ii J e 'tn 

b(/l ~ A/a, b,y2 I\il I 


'’^h(^ elillcreaitial (‘.(jiiatieins fe)!- 1, we) eareaiits eairrying (/i ia.fi i-HlnUonarij current and 
whieOi are mmjnvAivally coupleid are 

/j , ,, dh . . dV, . . 

+ ‘ ill 

iiii 


Cl 

h 


L, 


■'+L>ii/n, 


■ 0 


f.'a 


-h As 


dt 


, I I / 

T* Jj'i ^^2 “ + 


d2/i 

dr^ ' 


0 


( 1 ) 


If the c.ircuits have pure mndudwe ('.e)upling, 


V-'i 

/•i 

a. 


+ «• J'- 

dlt 


dh 




dt 


iph 

dP" 

<u^" 


( 2 ) 
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in which Ri and Ri are the total resistances of the primary and soc-ondary cir- 
cuits respectively, i2, the resistance common to both circuits. 

If the circuits have pure electric coupling, 


_L j- p He -l. r - n 


(:i) 


in which Ci and C% are the total effective capacities of the primary and s(MU>ndary 
circuits respectively, C the capacity common to botli circuits. 

If the current is not quasi-staiionary in either of the two circuits, siiy in llu^ 
secondary, the energy equation for the case of magnetic coupling is found as 
follows: 

Assume that the current amplitude may be considered as uniform along 
entire coupling (x = k) in the secondary circuit as well as the priimiry. Led. 
Lsii and Ls^i be the coefficients of mutual induction for tlie case of (jiiasi- 
stationary currents in both circuits and let 


Lia = Lsi2./(:r)[.'c = k] 
Lii = Ls2i.f{x)[x - k\ 


(se.(* N()l.(‘. 10) 


Then the energy transferred per second from the se(;<)ndary to l\n\ priim 
circuit is equal to 


Lx,. I: 


d\h 

dt 


iry 


and the energy transferred per second from the primary to tlu^ scumndary 
cuit is 




dU 

dt 


cir- 


The differential equations therefore take the form 


li+if 

i/,i , ,, .m 

6*2 + dl 


d'-U d^U\ 


+ L 




(IP 

dll 


= 0 


(Symbols C2, R 2 nndL, arc used just as in N()t(i ‘^'0, whi(di a.n^ (,h(^ same, m for 
magnetic coupling of quasi-statioiiary currents (equation 1). 

If two different oscillations occur in each circuit [Art. .W], i(, mus(. not lx? for- 
gotten that the current and potential distrilnition [/(.r) and <p(.r)| and Mnn-efort^ 
the values of Rj C andL arc different for the two ose.illations (A. Simuy). 80 
far as the author knows no theory (mathematical) whic.li tak(w this fatd, into 
account has been worked out to date; however, it is not probable (.hat the results 
are much different than those obtained with the present theory. 

81 J. V. Gbitlbr (Wien. Ber., 104, II, 100 et neq,, 1805; Wind. Ann., 66, 518, 185)5) 

and J, Zenneck, Phys. Zeitschr., 4, 656, 1008. 

82 Thanks are due to the Telefunken Co. of Berlin for this illustration. 

88 See EMS^ 634 et seq. 

8^ V. Bjerknes, Wied Ann., 44, 74, 1891; 66, 121, 1805. 

88 These relations hold for primary circuits containing a spark gap oidy if tlu'. ampli- 
tude curve is an exponential curve. 

Nor do they hold in the case dx = da == d. In this case, the oscillation in the 
secondary circuit is of the form 1 = sin tat. 

88 M. Wien, Jahrb., 1, 462, 1908; Ann. Phys., 26, 625, 1908. 

87 This is true only if there is no quenching action [Art. 62 et seq.] and even if this is 
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not tlic (•{iHO, l.lut iiniplitu(l(? of of th(? oHcillatioiis can be zero. Whether 
or not this oc-eiirs depends upon th(^ initial conditions (see -’O* 

IL. DiKSSKiiiioiisT, Ihu*. d(!uts(di. pliysik. (5es., 6, IV20, 1907; 6,800, 1008; ^7’Z, 1908, 
708. H. JtAiJ, Jahrb., 4, 02, 1910 . (Hau, in order to obtain spark photographs 
insert('.d a snudl gap in the siicondary circuit also.) 

1*. DkudI':, Ann. Phys., 13, 512 li nrq.j 1904. Poi* the theory of coupled circuits 
also see: H. MA{!Kfi, Jahrb., 3, lOl vX ncq.j 829 vX .srry., 3910. A. Kalaiine, 
.lahrb., 4, 857 c/ srq,^ 1911. Tlui disadvantage of th(‘. approximation methods 
of L. OoiiKN (Jahrb., 2, -MS d .scf/., 1909) and J. S. Stone (Lum. 61, 12, 485, 
1910; ETZ, 33, 11 1, 1911) is tiiat tlui de.gre(^ of accuracy of their results cannot 
b(^ ])r(ule.t(‘.nnin(Ml. 

Ann. Phys., 22, 205, 1907. M. Wien, Phys. Zeitschr., 7, 871, 1900, 
8, 10 H mj., 1907; PJTZ, 1906, 889. Also see J. Kaiseii, Phys. Zeitschr., 10, 
SSO, 1909. r'lsciiEit, Phys. Zeitschr., 11, 420, 1910. W. Bieiilein, Jahrb., 
6, 29, 1912. bl. "rALSi’ii, Jahrb., 6, 85, 1912. 

What follows holds true ordy uiidiM’ the. following initial conditions: when i = 0 

V'. = r„„ /i = 0; r, = 0; /, = 0 


lIivdiT oth(*.r condilions In fact it may happmi that only ono oscillation occurs. 
(A. SiiAHV, ETZ, 1904, lOSO, M. Wien, A'7'Z, 1906, 887.) The relations given 
in a and h arc^ (‘asily (h^duciMl from llu'. work of P. J)itiii)E.'^“ 'PIk'. vector dia- 
gram holds for (h(^ beginning (iniliid condilions) of tln^ oscillations. After- 
wa,rd it applii’S only to curi’(aits of (amsbint freapuMicy. 

J. Zenneck, Phys. Zeitschr., 6, 198, 1905. 

Wien, Jahrb., 1, 1(>9, 1908; 4, 185, 1911; .\nn. Phys., 25, (>25, 1908; Phys. 
Ze.itschr., 11, 70, 81 I, 1910. 

II. Boas, Jahrb,, 6, 50:’,, 1912, 

A. Ksi’inosas 1 )E EOS Monteiios, Jahrb., 1, ISO, 1908. TUv. hydrogmi spark gaps 

ha.v(^ b(‘(Mi very cardully siudi(ul by B. (Ilat/.ee. Summary of his artich^s in 
Jahrb., 4, 100, 1911. For spc'.cial nicl hods of conmu-l ion c.mploying two or more 
siiark gaps in s(M‘ies S(‘(^ Jahrb., 6, 187, 1912; FI., 68, 128 W .scf/., 1911. 

\L Rendaiie, Pbys. Zdlscln*., 9, 208, 1908. B. (Jeat/.ee, Bm*. (h*r (huitselnm phy- 
sik, (i(\s., 6, 51, 1908; Jahrb., 2, 05, 1908. A. IOsimnosa i>e eos Montehos.-*' 
UM 'Pb(^ coupling, howc’.VMM’, must no! be so loost^ that th(^ <lura.lion ol hall of a pulsa- 
tion oc.cupi(*.s consi(h‘ra!)lc. time (luring which the*. os(‘illations ha,V(* an appreci- 
able a.mplitude. h'or, as tin? two coupling wa,v(?s (?xist during tin? first ha, If 
pulsa.tion, the object of Bn? (pn?nch(?d gap wonld not In*. (?ompl(?t(?ly sc'cured. 
Itegarding tin? relation of tin? spark frc(|U(‘ncy to i ln? (*ff(?ctiv(?n(?ss ol tin? (iu(?nching 
action, see 11. H.ommann, Phys. Zeitschr., 12, 019, 191 1. 

B. MA(!Kfr, Ann. Phys., 34, 941, 1911. 

‘•’“S. SuiiKis, Jahrl)., 6, 507, 54;5, 1912; Diss. Bra,unsc.hw(?ig, 3911. Also see 
C. PlSIIIIEIt.l^''' 

G. Glaoe, TOxp(?rimental investigations with tin? resonance inductor. Diss. 
Htrassburg, 1907. H. Boas, Jahrb., 3, 482, 007, 3910. K. Hottoaiidt, Phys. 
Zeitschr., 12, 052, 1911. H. Kimuka, Jahrb., 6, 222, 1911, 6, 459, 1912. For 
the theory, see G. Heiiit, ETZ, 1904, 270. G, 11 enis<! 1IKE, ETZ, 28, 2d issue, 
1907. J. Betuenoi), Jahrb., 1, 58-1, 1908. Historical : V. Biienot, Lum. 61. 
(2), 11, 107, 1910. 

‘J® Integral of the equation for tin? dis(?harge of cond(?nser c.irc.uits 


I 

a 


8l 




in the case of aperiodic discharge. 
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Integral of 


the differential equation 


I 

C 


+ R 



More detailed treatment in EMSj Chap. XIII and XIV, 

The wave-length, X, obtained in this way, is really too small by aii amount AX, 
which is given by . 

AX _ dijdi + da) 

X 8^2 


(B. MA.cKff, Jahrb., 2, 251, 1909). In regard to a zero method for dotminiiiing 
the frequency, sec G. Seibt, Jahrb., 5, 407, 1912. 

E. Dorn, Ann. Phys., 20, 127, 1906. 

^“^See, e,g,i the corresponding paragraphs in F. Kohlrauscii, TA’.hrbuch (U^r praktis- 
chen Physik. 

Comparative tests by different methods: H. DiEssKLiiouH'r.” Also s(*.<i A. (Umi*- 
BELL, El. 64, 612 et seq., 1912. 

10“ See, e.g., EMS, p. 711. 

10^ More accurate discussion of the resonance method and tli(‘. muu?ssa-ry c.orrcM^tioris: 
B. Macku.i®^ Also see M. K. Giiober, Phys. Z(iits(^lir., 12, 121, 1911. 

i““ H, Brandes, Ann. Phys., 22, 645, 1907. Graphic method ])y V\ Eoku, Diss. 
Greifswald, 1908, 

10“ L. Kann, Jahrb., 4, 297, 1911; Phys. Zeitschr., 11, 508, 1010. Th(^ Biiandiw 
method is also the basis of an arrangement of P. Lijj)i':wi(} (IMiys. ZiMtschr., 
12, 763, 1911; Jahrb., 6, 390, 1912), which gives a direct indication of th(‘ 
decrement. 

11® See G. Jonas, Diss. Strassburg, 1907. 

Ill H. Riegger.^ 

11“ B. Mack^, Ann. Phys., 34, 941, 1911. 

11“ M. WiEN®“and Phys. Zeitschr., 9, 537, 1908. B. Ma(Uvu“' 2 and Pliys. Zc^itschr., 
9, 437, 646, 1908. 

11^ S. Loewe, Jahrb., 6, 325, 1912. 

11“ Concerning the Poulsen arc for measuring: Raxtscui von 'IhiAiiHENni-nuj and H. 
Monasch, Phy.s. Zeitschr., 8, 925, 1907; 9, 251, 1908. C. Kiscmi-m, Ann. 
Phys., 28, 57, 1909; 32, 979, 1910. F. Kiebitz, Ber. pliysik. ()(\s,, 12, 99, 1910; 
Jahrb., 2, 357 et seq,, 1909. Phys. Teciin. Reighkanstalt: Zeitsclir. f. Insl.ru- 
mentenkunde, 28, 148, 1908. R. Lindiomann, Bor. i)hysik. (hw., 11, 28, 1909. 
K. VoLLMER, Jahrb., 3, 123, 1909. According to (5. Hzivessv (Jalirh., 3, 250 
et seq., 1910) an arc in bisulphide of carbon vapor givers viny steady o.scilhitions. 

11® In regard to precautions for the use of these spark gaps for in(*.asiiring puri)OM(^s, sxui 
S. Loewe, 11^ 

117 H. Th. Simon, Phys. Zeitschr., 4, 737, 1903. C. W. Piekge, ]»hys. Zeitschr., 6, 
426, 1904. 

11® W. Eickhopp, Phys. Zeitschr. 8, 923, 1907. According to W. F. Zouni® th(Ji)oint 
on copper electrodes causes an increase in the spark damping. J. A. Flemin(* 
and H. W. Richardson (El., 63, 175, 1909) recommend air blowers to make tlu^ 
discharges more regular. This result, however, is not always actu)mplishod 
{i.e., with all types of gaps) by a blower. 

11“ Another procedure is to make the coupling looser gradually until tlio value, which 
is obtained from the resonance curve in accordanc.c witli Art. 74 remains (mn- 
stant. The theoretical requirement for this condition is: 7 r“/C“ 

Also see R. Lindemann’s h® method. 

i““M. Wien, Phys. Zeitschr., 8, 764, 1907: with di = 0.11, da = 0.015 and /v « 
0.014 the error becomes 30 per cent, 
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Complo-t .0 trcatiuouii in Mm book, Dio Fro<j[uonznioasor iind Dainpfuiigsiiiosser der 
ytraliloiitelogniphic^, by E. Leipzig, 1907. 

^'^^E.y., ICl., 68, 249 d scq., 1911. 

Thou. G. Thounijlad, Jjihrb., 4, 97 d acq.j 109 d acq., 217 d aeq,, 1911. 

‘24 E. N idfcipjuu, Jjilirl)., 1, 112, 1907. 

‘25 J. A. Kli!1M1N(J, IM., 68, 495 d mj.y 536 d tieq.y 1907. 

‘2«Luin. cl, 9, 391, 1910. 

‘27 Aim. Phys., 8, 211, 1902. 

‘2» R. Miascu, Jalirl)., 4, 250, 1911. 

‘2»L. Mandlmstam jiud N. Papalwxi, Jahrb., 4, 005, 1911. The high degree of ac- 
ciirjK^y of (.he nK'.thod for detiM'niinieg frequeiiey [» well shown in the article 
by H. Koiimann, Hiss. Strasshiirg, 1911; Ann. Phys., 34, 979, 1912. 

1 

‘2“ The dynainoin(4.(n’ (4T(ud. is = ^ I IJ^dt 

‘2* Another method for (l(4/ernuning tin*. clymiinonieUn- ('.ffect by means of a differen- 
tial air thernio!n(4-(M- l)y L. Kann*"-' niid L. Lsakow, Phys. Zeitsehr., 12, 1224, 
1911. 

‘22 The (Mn.r. induced in the ring is di.si)lace(l 9(P with respect to /'a, and isin turn 
displaced 9(1’ from this (Mn.f. 

‘22 On the assumption tlmt tln^ eurnint curve is the s;im(^ in both c^as(^s [s(m Art. Hr, 21. 

‘2‘ W. MunviioKi-', Phys. Zeitschr., 8, 561, 1907. A. .lounos (I)iss. Strjissburg, 1907) 
was probjibly tlui (irs(. (e show (hut !in iinsymm(4.ri(*jii rcwomuici^ curve wjis Muj 
result of condeus(‘r brush discluirgc'. ( \)U(*(M'niug th(i brush discharge of (^on- 
(huisers idso s(‘.(^ M. Wimn'^ ntul 1. \\’. Austin. *-> 

‘25 |('roiM (\ h’isuuuit.'"’ 

‘22 This m(4.liod was (l(^v^^lop(‘(l :i.l, tlu^ suggeslion of the. author by (\ Kisciimu, Ann. 
IMiys., 19, IS2, 1906. 

‘27 use of damping mc.ter of P. luoKWio for de.U'rmiuiug tin? (higree of (M>u])ling 
(Phys. Z(‘i(schr., 13, -150, 1912) is ;ilsi> based upon this ladaMon. 

‘2*^ B. lVl.\(MvU, .hihrb., 3, 5IS() d srq,, 1910. 

‘2« Oh-mUbMINKHN ('()., PI., 68, 171, 1911. 

PxpcM’iimmts at thc< physik. liisl. I )a,u/ig-ba,ngfuhr. 

Spark photographs can also Ixj us('d iustt'ad of tlu’! r(^sona,n<’.e. c.urv(\s. II. Rau.^'‘ 

‘‘‘2 B.. A. h'KssKNDKN, ETZ, 1906, 690. 

‘43 Anbuuue with incr(^a.s(‘d (muI ca,])a,<’ity were ou(^ of tln^ (irst forms of aubMiiue iisc.d 
by Mauconi and Lodos. 'riuar fimdame.utaJ advantages are giv(Mi by A. 
Blondku. “ 

‘44 Additional (hd.ails n^gardiug tlu^ 'ri'inKPUNKi'iN Go’s ajiteniue: Sikwojit, E'J'Z, 
1906, 965. R SoiiUK, El'Z, 1906, p. iS75 v( srq, Goun'C Aikjo, A. E. (I i(‘.c- 
tures, l(M',tunM)f Dec. 9, 1911. II. BitKDow, .lahrb. d(U’ Scduffbau-technischen 
Ges., 1912, 105 d nrq. Various articles in tlui 'ri'mnpuNKWNZKiTUNO. 

‘45 0. LoixiK ami A. M uiitUMAi), El, 61, 1036, 1903. See El., 62, 170, 1908. 

‘45 (JouNT Aa(:o.'44 

‘47 L. W. Austin, Bullel;. Bur. Stands, 7, 3 15 <7, .srr/,, 1911. 

‘48 Various constructions for mas(;s: Jahrb., 3, 203, 521, 1910; 4, 309, 052, 1911. ICl, 
68, 213, 1911. 

‘45 O. Loixiw and A. Muiiuimad at times erected their counterpoise several meters 
above tlui ground (see Jahrb., 3, 1, 1909), 

‘88 W. Buhhtyn, ETZj 1906, 1117. I'\ Kimim, Ami. Phys., 32, 961, 1010. M. 
Reich, Phys. Zeitaohr., 13, 228 d ««(?., 1912; Jahrb., 6, 170 d seq,, 25S daeq., 
1911. H. TitxjE, Jahrb., 6, 126 et seg., 1911, P, Bakheoa, Jahrb., 6, 286 et 
aeg.f 19X2. 

27 
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Regarding radio-apparatus for airships and tests therewith see Jahrb., 3, 315, 434, 
1910, 4, 227, 1911, 6, 70, 1912. Ferrie, Luin. el. 12, 99 el acq., 1910. I'elk- 
FUNKENZEiTiJNG, 1, 66, lOll. K. SoLPP, Jalirb., 3, 392 el m/., 1910. K, 
Litbowsky, ETZj 32, 1265, 1911. M. Dieckmann, Jahrb.,. 6, 51, 1912. 
‘^Luftfahrt und Wissenschaf t ” No. 2, 1912. P. Ludewig, Jahrb., 6, 10, 1912. 
H. Mosler, Jahrb., 6, 44, 1912. 

Regarding oscillations induced in all metal parts near qiienclKKl gap cinuiits, siu? 
S. Loewe.^'* 

^**3 According to Dr. Meissner, however, the dangerous effecjt upon the I’opes and t.lu; 
bag of the balloon is greatly increased when larg(? c.urrent {Jhud'i is used. 

Tests of the accuracy of the methods given in Art. 97: A. IiIsau, Pliys. Zeits(4jr. 
13, 658, 1912. 

C. Fischer, Ann. Phys., 32, 979 el ecq.^ 1910. 

Concerning the increase- in antenna capacity due to rain, snow, M-nd Ihe. 
relation between antenna damping and weatlier conditions se.(i A. lOsAii, 
Phys. Zeitschr., 13, 721, 1912. 

Count Arco, EI'Zj 1910, 508. 

See, e.g., B. C. Tissot,^* p. 139, 148 el mj. 

16® Regarding antenna insulators u,sod by the Telepunkmn C^o., ,s(i(^ II. 

For methods of reducing brush, discharge sec Jahrb., 4, 4-11, 1911. Jl. IjAN(ii':, 
Jahrb., 4, 442, 1911. 

16® Count Arco, Jahrb., 2, 551 et seq.^ 1909. 

^61 Regarding total antenna resistance and its determination, s(‘.(*. C. h’is<!iii'Ui, I*h\’s. 
Zeitschr., 12, 295, 1911. L. W. Austin, Phys. Zcnhsclir., 12, 921, 1911; Jidirh., 

5, 574 et seq., 1912. There seems to be a relation l)(^tW(M‘.n th(i totnl aiirc’iinM. 
resistance and the wave-length of the o.scillation, siuJi (lud. tlu^ (uI.mI r(^sisl.*ui('(! 
first decreases and then again. increas(is in a straight limi (unilbrnily) as (la*, 
wave-length is increased. The decrcasij at first is ])n)ba.bly dm^ to tlu^ (hM'rcasc* 
in Rx accompanying tlio increas('. in wave-haigth, tin*. snbscapKMit inei*(^as(^ in 
total resistance must be due to an increase in the r(\sista.nc(‘. of tlie. e.ari li, at any 
rate it varies with the amount of moist-ure in lh(^ ground. 

J, Erskine-Murh.ay, Jalirb., 6, 499, 1912. M. Rkkui, Phys. Zeitschr., 13, 228 
ei seq.j 1912. 

r 

163 g = I EadXj where dc is an element of the anbaina, IL tli<^ eoniponenl. of MM^ 

electric field strength along this ehnnent and h tlu^ haigth of tin? a.nl(?nna. 

^6^ Bullet. Soc. d’encouragement p. Pindustrii^ rationale, 3, ir»32, 1898. 

166 F. Braun, D.R.P. No. 109378 (1899), Electrician, 62, 19, 1901; Phys. Z(Mts(4ir., 

6, 193, 1904. 

ifl«L^Electricien, 42, 107, 1911. 

i®’ Literature of compressed air spark gaps, F. Jiflims-HMiTu, 101., 63, 720, 1909. 
i®8G. Eichhorn, D.R.P., 157056 (1903). The modification (Pig. 218) of his orig- 
inal arrangement is duo to P. PiciioN (Tblepunken Co.). 

B. Glatzel, Phys. Zeitschr., 11, 893, 1910. 

17® S. Eisenstbin, El., 66, 848, 1910. 

17®“ R. C. GALLETn (El., 66, 570, 1911; ETZ, 32, 597, 1911, D.R.P., 245358). 

171 Other methods of connection ])y G. Seirt, D.R.P., 24111'1 (1909). B. MACKfr, 

EL, 68, 429, 1911. 

172 Jahrb., 2, 229, 1909. 

173 Count, Arco, 1®® B. Geatzel, Jahrb., 2, 90, 1908. ' 

174 A two plate spark gap was probably first proposed by T. B. Kinhaide, IL Patent 

623316 (1898), D.R.P., 108924 (1899). 
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Kl., 63, 174 ct seq., 374 d .sr^., 1900; 64, 153 d seq., 1900. Tnsts inu{l(*. by W. U. 
Kccles and A. J. Macmcawek, KL, 64, 3S(>, 1909; Jahrb., 4, 294, 1911. 

1 " Count Aucu),'«« Jahrb., 4, 79 (4 my., 1910, ETZ, 31, 500 el sag., 1910. 

O. S(niMLLMu, Jahrb., 6, 243, 1911. 

W. PioucKKHT, Jahrb., 3, 199, 1909, A. Wasmus.’i L. 11. WAi/noit, 64, 550 
1910. 

R(*.g:ar(linK oIIkt Htationsol’ Uk'/J’klmkunkkn (-().,s(‘.aCUH)NTAu<3o,‘^*‘' II. JbtKDow.^’^* 

F. C. Loring, KI., 67, 27, 1911. 

M. Rau,«« 

AUrLni*nd'‘hind ihon also M. Toio]>iaou."‘ 

iSuch iiKhcM’s \v(a*(^ bulll., Miouj 2 ;h for (piiU*. oI.Ikr’ |)iiri)()sos, l)y Sumihhis a,ii(l Ilalsko, 
Iha'lin, at th(^ siia'I^('stion of tha author. 

r.g.f (1. Brion, RtMthulcMi zuin o](^ktrotac.hnis(9i(jn Praktikinn, p. 102 (B. (}. 
Tuurnwr, 1910). Th(i Doh^zahM^k ejhjr.tronuitcM* can aJso Ix? used for ])ow(m’ 
ni(^asur(aii(nits; c.f/,, s<ui ]\1. Rkk'u.’*'*’ 

i«B \y Burstyn, Ja-lirb., 6, 217, 1912, proposivs nu'tliods for making and brojiking tlui 
cinaiit of tho field ('Xidtntion curnMit. 

P. (). PiODKRSMN, Jahrb., 4, 521, 1911. R(^garding the high-spcuul bdegraph 
apparatus us(ul by Poui.skn, se.(^ ETZ, 32, 1 Kil, 1911. 

Ml., 60, 51(), S.S.3, 190S. Otlna* si)ark gaps luiving snioolh rotating (‘.hfidroch^s: 
S. lOisRNSTMiN, JaJirb., 6, 2-15, 1911. \V. Burstyn, .Jahrb., 6, 212, 1912. 

I/Mlectriei(‘n, 42, 107, 191 I. 

MI., 66, S17, 1910. A similar arraiigi'inent by (1. I'’krrii<;, Id., 66, 1.‘I5, 1910. 

i'll., 64, 512 rl .S77/., 1910. This gap is used by the Soc. fram;. ra.dioeleel ricjue. 

(1. J\1 .VRcoNi, Ml., 67, 532, 1911; Ml. World, 69, S.S7, nM2; , Jahrb., 6, 13S, 1913; also 
s<M5 1'l. Nkspkr, Ib'lios, 18, 129, 1912. As Maiu’om employs ndaliN'tdy Io()S(^ 
coupling (5 p(‘r c(Md.), llu? duradinn of half a pulsation a.nd hema* of (lu^ tiim^ 
during which Iluaa? an^ two coupling wa.ve.s pn'St'.nt in rlu! anlcama,, is ralluM* 
long. (\)nse(pi(Milly they an; (‘viih'nt in llu^ r<•.sona,nc(^ curv(^ Si’e-'*"* a.nd 
Art. 90//. 

S(a\ (\ C, M. J\I()N(MvT()N, Ml., 66, 511, 1900. 

'•'■‘W. Il.'Mc(Ma-:sand A. J. M a/jkowkr (Jahri)., 4, 2.53,, 1911; Ml,, 66, 1011, 1910) fimi 
a consid(n’aJ)ly lowin’ (‘Hici/nicy from tludr nKtjisurenunits, which latt/n*, howiu'er, 
an^ opcMi to criticism. 

W. DimoKhL, Phil. Mag. (0), 9, 299, 1905; Proe,. B.oya.l Inst., M.ay 17, 1912. Also 
s(a>. Jahrb., 4, 202, 191 1. 

'“‘^'10. I'\ W. Aia*:xANi)i':R.s</N, Trans. Anun*. Inst. MI. Mng., 28, I, 399 /7. .s-c//., 1910. 

R. A. Mks.skndkn, I). It. P., 22S,305, 19()S. 

“>TR. (}<)Li).s(!iiMiDT, E'TZ, 32, 51, 1911; Jahrb., 4, 311 cl m/., 1911. 

lOH iiiiiy cither (amceive. tlu^ alt(u*nating (iedd of fre(iu(ni(\v A' as nuuh'. up of two 
rotating fhdds of oppo.sib^ direction or we may prociaal on tin? b.asis that tin? 
miiguotic Hiix iRissing through R must be of l.lu*, form 


A sin (27rA . t + a) (ios {^irN' . I T a') 

Hin[27r(A + Ny. + (a «')] T ain [2r(A - A')/ T - «')J 


I'or the theory of the Gou^scjiimidt nuudiiue see 30. Itiwcur, .Tidirl),, 4, 348 et 
aeq.j 1911. li. AlAUKir, Jahrl)., 6, 5, 1911. .S(u> Not(». 
lu the tjoinmcrcial form, <a)ndousors Ci and Ca are omittcul. 

Very little has so far boon published regarding theiKwv highfreqiiency generator of 
Count Aiujo, which wa.s exhibited at the iutcuTiatiomil (lonvention in London 
in 1912. Boo Jahrb., 6, 529, 1912, Tklkfunkmnzj 3ITUNG, Vol, 2, No. 7, p. 18. 
lu regard to the generation of undamped oscillations hy lueaiLS of a seritis ma- 
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chine with a condenser connected in parallel see F. FitzOerald (Eclair, cl., 
18, 386, 1892). O. M. Corbino (Phys. Zeitschr., 8, 924, 1907; 9, 195, 704, 
1908; Electrician, 61, 56, 1908). R. Rudenberg (Phys. Zeitschr., 8, 

1907; 9, 666, 1908). H. Barkhauben, Das Problem der SchwinKunKscir- 
zeugung. Diss. Gottingen, 1907, p. 37. It is impossible to conclude from th(^ 
results obtained to date whether it will ever be possible to prodiuu) undamped 
oscillations for wireless telegraphy by this method in a practical and us<ifid way. 
El. Thomson, U. S. Pat., July 18, 1892 (quoted in EL ReneWj 60, 32S, 1907); U. 8. 
Pat. No. 600630, July 4, 1893. N. Tesla in Martin’s “Nicliola T<islas 
Untersuchungen iiber Mohrphasenstrome.” Hallo, 1895. Fessenden claims 
to have made his first attempts in this direction in 1899. 

W. Duddell, Electrician, 46, 269, 310, 1900. 

J. Wbrtheim-Salomonson, Electrician, 62, 126, 1904, lOcdairage chwtr., 38, 144, 
1904. N = 400,000 eye. per sec. 

V. PouLSEN, Danish Pat. 6690 (Sept. 9, 1902), D.R.P. 162945 (July 12, 1903). 

204 Pqj. further details see the Telepunken Co.’s pamphlet describing tluur standard 
radio-telephone station. C. Schapira on the ofiicieiu^y ol’ tlui higli rreepumey 
arc lamp with subdivided arc. Diss. Charh)tteiihurg, 1908 and Jahi'l)., 2, 
54 et seq.j 1908. 

P. Brenot states in Lum. cl. (2), 11, 170, 1910 (also seeLum. el. (2), 11, 197, 1910) 
that A. Blondel employs two plates in petrolcuim as elcud/roih^s a.ndimpr(^ss(\s 
about 2000 volts across the arc. It is claimed that this giv(^s gn^iOM’ n^gulariiy 
than the Poulsen method but docs not secure highfre(iuenci(\s so <*.asily. n'lu*. 
author does not know whether the Blondel metliod, wliicii is ven-y similar 
to the Peuckert method, has ever been used in pracd-icjc. 

According to Jahrb., 4, 522, 1911, F. Jaooviello employs imd-allic. (^lecI.Rxh^s, 
potentials of 40,000 to 80,000 volts and impinges a str^^am of ga,s upon Mu* arc, 
approximately in the direction of the length, of the are. Wlud.lier a (pienclKMl 
gap or undamped oscillations were used is not clear from what, has 
published. 

From W. Duddell, Proc. Royal Inst., May 17, 1912. 

2"’ Jahrb., 1, 307, 1908. 

Data on Poulsen stations: 

a. Lyngby and Cullercoats, Jahrb., 1, 154 cl .sw/., 1907; El(‘.ctric.in.n, 60, 355 
el seq,j 1907. 

h. Knockroe, Jahrb., 1, 430, 1908; 1908, 15. 

According to the C. Lorenz Co,, this method oC eonmu'.Uon originated with W. 
Hahnemann and 0, Scheller. 

21“ P. 0. Pedersen, EL, 60, 547, 1008. C. Lorenz, Jahrh,, 4, 333, 191 1. 

2“ H. Rein, Jahrb., 4, 196, 1911 and “Der radiotolegrai)hiselie Gl(M(4»stromU)ns(Mid(M’,” 
Langensalza, 1912. 

212 A large number of investigations of these phononuuia have? Ixum nuidv, during rcicent 
years, the principal ones being the following : 

a, O. M Corbino, Atti. Assoc. Elettrotecnic.a Ital, (hd;., 1903 (mentioned in 
Phys, Zeitschr., 9, 197, 1908). 

h, A. Blondel, Eel. EL, 44, 41 el seq.^ 81 el seq.j 1905, Blondel was tlio first 
to distinguish the different kinds of oscillations. 

c. H. Barkhauben, Jahrb., 1, 234 et seq.j 1907. 

d. H. Th. Simon: Various articles, in part jointly with M. Rkkui. 'The artieJe^s 
are quoted in the general discussion by H. Th. Simon in Jahrb., 1, 16, 1907, 

e. W. Duddell, Electrician, 46, 268, 310, 1900. 

/. G. Granqvist, Nov, Act. Reg. Soc. Soient. Upsaliensis (4), 1, No, 5. 
g. E, Riecke, GGttinger Nachr, Math.-phys. KL, 1907, 253, 



BlHLKHUtAPIlY AND NOT KB ON THEORY 


421 


h. K. 11. \Va<}nkii, “ I)(U* Lic.hU)<)f»;(ui jila W(M*,h,solsi.r()ni(u*z(nij»:or.” .LcMiJzip;, 
1910. 

i, Vi)v a (ioniprohonsivo siirvoy of this sul)j(5ot soo H. Baiikhauskn, “Das 
Prohhnii dor SchwinsunKatu'/iOugung.’^ Diss. Clottiiigoii, 1907. lii that 
urti(?lo ooo (luostioii, iiainoly, iiiulo.r what (ujiulitious tho various kinds of 
osoillatious aro stablo, wliic-li. has not boon oonsidorod in this book, is dis- 
ousH(jd in detail. In other respe(d.s the treatment of this subject in 
what follows, is very similar to that given by Baukhausen. 

This is really a portion of a sine (mrve. Hoe, EMS, p. 547. 

The {charging curve is determined by the ('.cpiation 

K = V'o[l - c” 

in which Vo = dynamo voltage, C = capacity of condenser. 

C5. W. Nasmyth (Jahrb,, 6, 209 vl acq., 807 d wq.y 1912) has given formulas for the 
frecpioney of oscnllsitions geners-ted by the arc method, Thes(^ formuluj how- 
ever have been discussed by K. VonuMEn'"* and V. O. Pedersen (Jahrb., 6, 
490, 1912). 

Regarding the function of tlu^ magnetic Idow out see 11. Hauscui von TuAURENnERa, 
ETZ, 28, 559, 1907. 11. Tu. SiivioN,'"^ p. 05. II. Barki[ausen, 2”« p. 250. K. 

JliRKELAND (Jahrl)., 2, 187, 1908) s\igg(^sts a radial magnetic IhJd for producing 
a. rotating arc. 

'•^'7 See II. Barkhausen, Jahrb., 2, Ai\ 1909. 

In Arts. 138, 139, 140 and 142 it is assuimul that (1) th(^ oscillations aro undamped, 
(2) the a.tmosph(T(^ is an absolute non-conductor; furthermon^ in Arts. 138 to 
140 it is taken for granted that tlni assumed conductivity holds for the (mtire 
portion of the earth whi(4i comes into consich'ration. As to the first assuni])- 
tion, \j. W. Austin (Jahrb., 5, 524, 1912) was unable lo lind a,ny dilbu'ciici^ 
hetw(um iHidami)ed waves aiul wavers having a d(M*nun(mt of 0.15 at a distances 
of 80 tnile.s. 

As early as 1S9.S, A. JinONDEL (Compt. rend. Assoc. fraiiQ. Avainunnent des 
siriences. Congres de Nanti^s, 1898, p. 212 d. .srr/.) pointed out in eonjum^.ion 
with a remark of l*oiNc.\itE tlnit the action of the (^arth in a groumhMl transmit- 
t(U* could b(? rephuaul by tliat of animagc'.of tln^ transmitter, Ic., tha t a. grounded 
transmitter can properly be conc(UV(ul as one-half of a. Hertz lin(\‘il osc.illal.or. 

““‘‘A comparison of the two limiting cases, the limail transmittm* (h’igs. 27-80) on om^ 
hand with transmitter having uniform curnmt am|)litud(^ throughout, as 
shown for (‘.xamplc'. in EM'B, Pigs. ()18-()21. 

J. Zenneck (Ann. Phys., 23, 840, 1907). Previous to this, K. UiiUER (Diss. 
Rostock, 1908) had already investigated the acJ.ion of tint wavi^s undm* the 
assumption that, they are entirely surfac.o waves and that the earth’s sui’face 
l)ossess(^s a high degree of conductivity. 

A. SoMMERPELD, Alin. Pliys., 28, 005, 1009; Jahrb., 4, 158, 1910. 

Regarding tho conductivity of sea water, earths and nxJcs, see 11, Huiimidt, Jahrb., 
4, 680 cl mj,, 1911. K. UnLEU, Jahrb., 4, 088, 1911. 11. Loewy, Ann. Phys., 
36, 125 et seq.f 1911 and discussion thereof by J. A. Fleming, Jahrb., 5, 515, 
1912. 

22-1 This conception that the waves of radio-tolography are of tho nature of surfaixi 
waves was probably first presented by A. Blondel®^® and by E. Leuiier 
(Phys. Zeitschr., 3, 273, 1901--1902). Also see K. Uller, “Die Mitwirkung 
dor Erde und die Bedeutung dor Erdung in dor drahtloseii Tolegraphio, Jahrb., 
2, 8, 1908. 

225 p. Epstein, Jahrb., 4, 176 et seq., 1910. 
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228 H. PoiNCARiiE, Jahrb., 3, 445, 1910. J. W. Nicholson, Review of his articles, 
Jahrb., 4, 20, 1910; Phil. Mag., 21, 281, 1911. H. W, Mauch (Aim. Phys., 37, 
29, 1912. Note corrections in subsequent issue of Ann. Phys.). 11. Mac- 
Donald, Phys. ZeUschr.j 10, 771, 1909. 

227 H. B. Jackson, Proc. Royal Soc., 70, 254 eL seq.^ 1902. 

228 Dhddell and J. E. Taylor, Electrician, 66, 260, 1905. C'. Tihsot, 

cian, 66, 848, 1906. 

228 F. Hack, Ann. Phys., 27, 43, 1908. The assumptions are the same as in. 221 

230 Electrician, 66, 409, 1905. 

231 F. Kibbitz, Verb, physik. Ges., 13, 876 el seq., 1911. 

232 A reflection of this kind has been demonstrated in laboratory exporinumts with 

very short waves: F. Erb, Diss. Braunschweig, 1912. Data on observations 
in practice: P. Schwarzhaupt, El'Zj 31, 113, 1911. 

233 See L. Zbhnder, ETZ, 32, 1101, 1911. 

234 In regard to the influence of the weather upon the antenna oscillations sec. A. 

Esau,!*^® 0. Golden PFENNIG, Jahrb., 6, 73, 1911. Wildmann (seui IOrskine- 
Murray^) made systematic observations for over a year on the (dbuit of Mu; 
weather upon the communication between two stations. 

238 H. Ebert (Jahrb., 4, 160, 1911) found the conductivity of the air at a lunglit of 
2500 m., in bright sunlight and in a downward current of air, to b(‘. twenty- 
three times as great as the conductivity just over the earth’s surfa<*<^. Ib*- 
garding the effect of meteorological conditions upon the ionization of tln^ 
atmosphere see K. Fischer, E'TZ, 32, 339, 1911. 

238 Jahrb., 6, 532, 1911, 

2360 A. Blondel'*^ was probably the first to indicate that th(5se upptM* stnvta might play 
an important part in determining wave propagation (scu?, v.y., H. ,1. Ekksink- 
Murray^). This view is based on the assumption of a, irry good conduct ivily 
for the upper layers of the atmosphere. There is no justinca tion for supporting 
this assumption by reference to conditions in the Geissler tulxi or in J. J. 
Thomson’s current loop without electrodes, for in both tln^si^ cas(^s the gas is 
ionized by a very strong electric field, which does not exist in tin? ui)p(‘r atmos- 
pheric strata in wireless telegraphy. 

237 J. A. Fleming, The Marcoiiigraph, 2, 179, 1012. (1. W. riER(?E,‘ p. KiO states 

that A. E. Kennelly has shown the elte(?t of day and night to lx? due to a 
change in the wave front. 

238 According to Dr. A. Meissner, heavy winds of long duration, whi<?h t(?nd to eradi- 

cate existing heterogeneity in the atmosphere?, iin?r(?a,s(? tin? <lista.nc(? clT(?(?t . 
Lee de Forest (Jahrb., 6, 167, 1912) reports a very r(?ma.rka.l)l(? obs(?rva.ti()n 
of interference due to heterogeneity. 

238 G. Marconi, EL, 49, 521, 1902; 64, 824, 1905. 

248 See Jahrb., 6, 621, 1912; 6, 151, 154, 1912. A. Turpain, C. R., 164, 1457, 1912. 
W. H. Eccles, el, 69, 109, 1912. J. A. Flemin(j, EL, 69, 190, 1912; Tele- 
punkenzeitxjng, 1, 89, 1912. So many observers have fail(?il to lind any elT(?c.t 
due to solar eclipses and others have found so slight an (?ff(?c.t, tluit it may be 
concluded that this effect is hardly greater than the extent of the i?rrors involved 
in these measurements. 

241 G. Marconi, EL, 64, 379, 1909. H. J. Round had already (EL, 66, 714, 1906) 

stated that the difference between day and night range is much great(?r witli 
short than with long waves. 

242 Tests made at the Braunschweig physik. Inst., 1907. 

243 For tests on damping of antennse in daylight and at night see note®®'*; also li. 

Moslbr, ETZ, 30, 301, 1909 and P. Schwarzhaupt, ETZ, 32, 1313, 1912, 

W. Austin, Jahrb., 6, 75, 1911; Bull. Bur. Stands., 7, 315 et seq., 1911. 
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W. Austin, Jiihrh., 6, 417, 1012. 

‘-■'ft K. SoLFF, ETZ., 1906, S0(). 

‘•'^7.1. A. l''LiatiN(},‘ ,1. EitsKiNK-MintuAv' jui(l (1. VV, Pii-:h(!k' f^cnnnil {iiul in 
snnio (rnsos morn (U)inplnl(i i)n^Hnni.!ii.ions of iliis suhjoc.l,. Also son S. Sachs, 
.lahrb., 1, i;U), 270, 4;M, oSl, lOOS. K Nhsimou, Juhrh., 4, ;U2, 42;^ AIM, 1011. 
C. Tissot, J01(H'.tri(M'jin, 66, S IS, lOOti; Industrie elecd-ruiue, 14, 101, 1000; Journal 
do Physuiue, 6, 270, 1007. 

(1. Mauconi, Proc.. Royal So(^, 77, 4i:i, 1000; Kleelrie.ian, 67, 100, 1000. 

Rep;ardinjr thcivnuii deUud-ors: W'. II. J0(uUiKs, Kl., 60, r)S7, lOOS. 0. Tissot, 
•lalirh., 2, 115 cl «<•(/., lOOS. 10. Nhsfkii’*'*', rercu-eiuHis in Ja-lirb., 3, 370, 430 
(1010); 4, 232 cl set/. (lOU). On Ihernuil detec.tors witli a rotatinp; eliirlrodr^, 
♦see. 101., 62, 211, lOOS (b. \V. Austin); , lahrb., 2, Ml, lOOS (Tkuhfunkhn). 

“•*' liovhnv of various nuisiudie wave iiulit^alors not eovered by note*-'^: L. 11. 
WALTFUt, Khsd.rie-inn, 66, S3, 1005. Kor exphuiation of their judion see L, H.. 
WAi/rwu and K. Mauhlun<j, .\nn. Phys., 17, SOI, 1005; W. 11. I'h’CLFS, lOlec- 
irieijin, 67, 742, 1000; .1, Russku, Pro{\ Rt)yn.l Soi^., l‘)dinbur^h, Nov. 20, 
1005. K, WUiSON, lOh'clriciim, 61, 330, IS07, was ])robably the first to 
d(^s(n’ibo a magiudie didcudor. 

-•*- As the inajriielie, (hdcMd.or is most siuisitive in a definite iiortion of the nuiMliudiza- 
tioneyidc^, theinaj 2 ;n(d.i<Mhde(*tor of Iheso-ealh'd BALsiiiUiK systenu is (H)inpris(Ml 
of thnui (hdiMdors, of flu? ty})(' shown in Kiji;. 317, (^;u*h of whieli is autoinatii^ally 
eonnee.tiMl into einaiit at llu^ nionunit wlu'U it is in the most sinisitivi^ ])art. of 
the maji;n(d4za,iion curve (,I;ihrl)., 4, 202, 1011; lOh, 64, 512 cl Ncr/., 1010). 

“'-Ml. AIaiu’oni, KleefriciMu, 64, S25, 1005, 

K.. Aiino, JOhud-rician, 66, 100, 1005; ETZ, 1904, ISO. ,1. A. Bwincj and b. IL 
WaltI'JU, Proc. Roy. Soc., 73, 120, 1004. b. 11. Wauthh, Proc, Roy. Hoc., 77, 
53S cl .S77/., 1000. W'. IhnicKKRT, hTZ, 1904, 002. A. <1. Rossi, Jdiy.s. 

Zeitschr., 10, 540, 1000. R. A. Kksskndkn, D.R.P., 227102 (1000), 

R(^vi<av of a. Iarj 2 ;(^ nundxa' of articles d(*alinj»: with the aid ion of tlu^ coIumum- in 
noUr-'" and also ))>’ P. ^^’Klss, Journal (h^ IMiys. (4), 6, 102, 1000. Huanc, 
Journal do Phys. (4), 4, 743, 1005. 

-■''‘ft (lerman patent application by .A. Kokcskl in 1002. O. Ijoixjk a,nd A. Muirukad, 
Electrician, 60, 030, I00;i. 

'■'ft’ Ij. lb Waltkr, Jahrb., 2, 120, lOOS; lOleid rician, 61, 0S3, lOOS. 

"'-M. E. IvKS, Jahrb., 4, 112, 1010. 

-ft" R,(^j»;ardin{»; tlu^ Ihiuitl barndtiM’ s(a^ S. M. Kintnkr, Broc. .Auhm’. Inst. El. I'hipirs., 
26, 05 cl m/., 1007. J. E. Ivks, Phys. Ziatschr., 11, 1 ISl, 1010. 

-ft" Jahrb., 6, 432, 1012. 

Also s(U', C. Tissot, lOlectric.ian, 60, 25, 1007; C. R., 146, 220, 1007. J. S. Sachs, 
in Jahrb., 1, 5S4. cl m/., lOOS, (pu)t(^s a,ddil.ional articles on the action of the 
('.lee tr( )ly t ie d{d,(ud.t ) r . 

2ft2 R. I-'ESSHNOKN, ETZ, 1906, 050. 

'-ft" E. Braun, ETZj 1906, 1100; Ehud/i-ician, 68, 500, 1007. Psiuommuan deteid-or, 
Jahrb., 4, 432, 1011. Dunwoijdy detector, El. World, 48, 370, 1000. (b W'. 
PiKUOM dotoetor, Liiin. el., 1, 02, lOOS; Jahrb., 3, 370, 1010. (b J. Pkjkard 
deteetovs, Jahrb., 3, 430, 1010; Luiii. 61., 11, 172, 1010 (article, by P. Hrhnot). 
W. I-I. Egcles, El., 60, 5SS, lOOS. 

2ft^ Regarding the action of crystal dete(d’,ors see G. W. Pikuck,! IT. Sutton, ICl., 69, 
66, 1912. C. Tissot, rElcctricien, ' 39, 331, 1010. R. H. Goddahd, Phys. 
Rev., 34, 423, 1912. 

^ft*”* J. A. Fleming, Proc. Roy. Soc., 74, 476, 1905; El. 66, 303, 1005. Data relative to 
incandescent lamp type of detectors and their connections in Electrician, 61, 
804, 843, 1006, 1908 ; 62, 211, 1908; 63, 604, 1909; 64, 68, 1909. Review of 
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various detectors with rarified gases: C. Tissot, K1., 68, 729, 1907; ETZ^ 

1908, 172. 

206 ^ Wehnelt, Ann. Phys., 19, 153, 1906. 

H. Bbandes, ETZy 1906, p. 1015. 

2® Jahrb., 3, 429, 1910 and Q. Majobana, Jalirb., 2, 347 cl scq., 1909. 

P. Lxjdewig, Jalirb., 3, 411, 1911 (electrolytic cell); G. W. Pieuoe, Jalirb., 3, 49S, 
1910; El. Review, 28, 56 el seq., 1909; El., 64, 183 el aeq., 1909 (ehu-trolytic 
cell); EL, 64, 425, 1909 (crystal detectors). K. BANUicitT, Phys. Zeits(9ir., 
11, 123 et seq.j 1910 (galena detector). L. W. Austin, Jhill. Bur. Stands., 
6, No, 1, 1908. W. H. Eccles, EL, 66, 735, 1910; EL, 66, 166 el tieq., 19U). 
Compare G. Tissot, Electrician, 68, 730, 1907; 60, 25, 1907. J. A. Pliominc;.* 
Apparatus or methods for testing detectors described in the following: J. A. 
Fleming and G. B. Dyke, EL, 63, 216, 1909. P. Jfc(i(>u, ETZ, 720, 1908. 
The commercial form of detector testing apparatus of the Telefun ken Co. 
is described in Jahrb., 6, 391, 1913. 

^’ajahrb., 4, 212 et seq., 1910. 

273 Count Abco.“° G, Eichhobn, Jahrb., 6, 301 el seq.j 1911. For other proposed 
method for sound intensification, sec P. Jibooii, l’Ele{d.ri(uen, 37, 129, 1910. 
Henby, PElectricieii, 38, 11, 1910. 

Phys. Zeitschr., 13, 38, 1912. 

276 For further details see H. Simon, Jahrb., 2, 409 el acq.j 1909. 

278 Bulletin No. 12 of the Telefunken Co. Capillary relay of AaMS'i’itoNcj-OitLiNc}, 
ETZj 1906, p. 385. M. Cantok had already coustru<d-e.d Kiinilnr nOey as 
early as 1900. 

277 Count Abco.!®” G. Eichhobn, Jahrb., 4, 405 ei aeq,, 1911. Also ETZ, 32, 

776, 1911. Regarding proposal of C. Lobenz to ust! ji s(9(niiuni (roll scmi 
J ahrb., 3, 622, 1910. 

278 J. Taylob, el, 41, 278 et aeq,^ 1911. Giiunicke, ETZ, 32, 61, lOI I. I'u. pAKEit, 

ETZ, 32, 696, 1911 and EL, 67, 363, 1911. 

270 See EL, 64, 825, 1905; 63, 90S, 1909; rElcctricicn, 39, 93, 1910; .lahrb., 4, 521, 19J I. 
ETZ, 32, 1164, 1911. 

Mabconi, in some of his stations, makes use of tlve so-ca-lled “(^artl^ arreHUn*,” 
which consists in the main of two metal platiis close togeth(5r, inser|,(Ml in 
the ground connection of the antenna and having the rtuaiiving circ.viit in 
parallel thereto. When transmitting the spark roMuIting bet.wtum tlu^se 
plates short-circuits the receiving circuit. As soon as transmission is ovm’ 
the receiving system is back in circuit. Sec E. Nehi»eu.“’' 

281 G, 0. Squieb, Electrician, 64, 836efiseg., 1905; 66, 453, 1905. 

282 See R. Rudenbebg, Ann. Phys., 26, 446, 1908. Also see 11. Haukhausen, Jalirb., 

2, 40, 1908; 6, 261, 1912. 

283 J. Erskine-Murbay.1 This also shows illustrations of LoixiE-MunurEAi) 

apparatus. 

284 F. Bbaun, D.R.P. 136641 (1901). 

288 F. Kiebitz, ETZj 33, 132, 1912. K. Bangebt, Phys. Zeitschr., 11, 123 ct aeq., 1909. 
286 a ^ great number of methods for making use of the two coupling waves liavi^ been 
proposed. J. A. Fleming (EL, 63, 333, 1909) <?.(/., proposes to use an ar- 
rangement like Fig. 391; but one portion shall bo tuned to one wave, the 
other portion to the other wave. The currents of the two detectors act 
upon the same telephone, which has two windings for this purpose. Probably 
no such arrangement has ever been used in practice. 

Rieggeb, Jahrb., 6, 35, 1911. For the theory of three very loosely coupled 
circuits see B. MACKfr, Jahrb., 4, 188, 1911. P. O. Pedersen, Jahrb., 3, 
283, 1910; 4, 449, 1911. F. MIilleb, Jahrb., 6, 13, 1912. 
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ET7j, 33,376, 1012. 

‘jn» i;, \Y Austin, Jiull. Bur, Stands., 7, 301, 1011. 

awi ^/[ WiioN, Ann. Pliys., 8, 606, 1002. lOxporininnts of L. Mandjoj^stam and 11. 
BuanuJ'JS at llin Strasshuriii; Ports in tlio siinmuu* of 1002. 

R. PiossioNDKN, Kl. ;Rov., 69, 77 cl m/., 1006; PUictrician, 62, 172, 1008; 66, 314 el 
my., 1010. Tlio usn of a nnndxu* of oondonsor c.ircuits iii tlio rnooivor for tho 
purposes of iiKUH^'isinjr tlin sliarpnoss of rnsonauno has boon proposed by both 
J. S. Stonk and tho Mauuoni (h). (Kloctrioian, 62, 171, 1008). 

P. Buaun, address at Strassburp;, 1005. 

(h)UNT VON Aii(M), ETZ, 31, 506 d m/., 1010; Jahrb., 4, 70 d aeq.y 1010. 

It(»f»:ar(linj 2 ; ai.inosiiherie disturbanees see J. JOusKiNK-MirKiiAY, Jalirb., 6, 108, 1011. 
1\ Sc'nwAit/uiAUi’T, 101., 66, 820, 1010. J. JO. Tayuou, JOl., 66, 1022, 1011. 
W. II. lOuuLKs and II. M. Aiiiwy, Proe. Roy, Soe., 86, 145, 1011. A. Esau, 
Phys, ZeitscOir., 12, 70S, 1012. J‘\ C. Loiiinu, El., 67, 27, 1011. M. 

DiKCIvMANN.^^’I 

S(U'. ,]. JOkskinm-Miihuay,* 101., 68, 465, 1011. 

•■*«SS<^e dahrb., 4, -KM, 101 1. 

In ih(^ “r(i<hi(’.t{uir (rintcu-lenunu^” of th(‘. HAiiSinuiK System (Luni. el, 9,404, 1010) 
a highly dampcul coiKhuiser eirc.uit is eoupled with the antenna. It is tuned 
1.0 tlui frecpuuicy of th(^ inttn-ferinfi: station a.nd is intended to absorb tlie 
oseiilalions (^auscul by it in the ree(‘iver. 

=««L’10leetriei(ui, 41, 27S, 1011*. 

2 iHia ^ Pksshndun, lOl, R(^v., 69, 38, 1006. 

A. Bi.oNDUii, (‘onipt. rend., 130, 1383, 1000. 

M. VViUN, Pliys. Z(utse.hr., 13, 1034, 1012. 

Anduus Hull, lOhudrieijm, 64, 142, 1001. Re^ra-nlinp; the IIovland appuratus see 
.lahrb., 6, 301, 1012. 

10. NKsi’Kit, .hihrb., 4, 534 H my., 1011. 

Jahrb., 1, 430, 1008; 2, 110, 1000. 

R(^fj;ardin|j; “tie.ke.r’' a,nd ticker eoniuudlons see Jahrb., 1, Ml, 1007. 10. Niosplu, 

Jahrb., 4, 317, 517, 1011. II. Moslku, ETZ, 32, 1027, lOlI. P. Kiiouitz, 
ETZ, 33, 132, 1012. 

=«»Mahrb., 6, 113, 1011. 

'‘"=* \j. W. Austin, Phys. Zi'.itsehr., 12, 867, 1012. 

loiec.trhrian, 69, 085, 1007; 101. R(‘.v., 60, 251 d svy., 320, 368 d my., 1007. Iti'.port 
of Dw PoKKSTon Uists with this (h*. tee tor in Eleetrieian, 60, 135, 1007. 

R. Goldsimimidt, IOL, 68, 464, 1011; Jalirl)., 6, 341, 1011. 

See 10. Hnllini, Jahrb., 2, 381 d my., 1000 and L. 11. WAi/n-i-a, 101., 64, 700 d- my., 
1010. In these artielca a large nuinber of distanc.e elTeid. eharaeteristi(%s ari^ 
ealc.ulated and plotted. 

;m7 If y nipresents the distanei'. between the points P and O (h4g, 405), then, unde.i’ the 
assumptions of Pig. 406, tho field of antenna B at the point P is of th(‘. form 

Eo sin 4- 

that of antenna A is of tho form 

( 27r?’ <p \ 

0)1 — - 2 — i'j 

whence tho resultant field is of the form 

Er = jsin (^o)t - H- sin (^o)i ~ 2 ““ ^) | 

= 2Eo cos — sin (^cot — ^ 
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It follows from this that the amplitude of the resultant field is 
j&Vo == 2J^o cos = 2Eq cos cos *5^ 4- 2 j 

This expression determines the distance effect cjliaractoristic. 

3“®See J. A. Fleming^ S. G. Brown, English patent 14449 (1899). A. Blondel^* 
andLum. 61, 16, 7, 131, 1911. 

Regarding the Bellini and Tosi methods see Jahrb., 2, 239 el ^cq,^ 381 vt srv;., fi] 1 
et seq.j 609 el seq.^ 1909; 3, 671 et seq., 595 el seq., 1910. Society internationahi 
des 6lectriciens. Extrait du Bulletin (2) 8, No. SO, El. 66, 861, 1910; 67, 6(), 
1911. 

Jahrb., 2, 190 et seq.^ 1909. 

F. Braun, Jahrb., 1, 1, 1907 ; Electrician, 67, 222 et ^eq.j 244 ct sc^., 1906. 

312 Lum. el. (2), 13, 227 et seg., 1911. 

313 L. Mandelstam and N. Papalexi, Phys. Zeitschr., 7, 303, 1900. Also see A. 

JoLLOs, Diss. Strassburg, 1907 and M. Dieckmann, Diss. vStrasshurg, 1907. 

3i^Proc. Roy. Soc., 77, 413, 1006; Electrician, 67, 100, 1906. Data on traiisu-Maiitu^ 
stations at Clipden and Glace Bay in: Electrician, 60, 883, 1908. A(M*.or(Iing 
to F. Galliot (Electrician, 67, 183, 1906) similar cxporiinents werci In.M(l(^ by 
Garcia as early as 1900. K. E. F. Schmidt in Phys, Zcu'tscilir., 8, 5, 1908 pro- 
posed the use of a directive transmitter having a vortical portion and a ground 
network extending only in one direction. Exj)erimont.s with various iintcuinin 
with horizontal parts described by F, Kiebitz, Ann. Phys., 32, 941, 1910. 

316 Monckton, Radiotolegraphy, p. 144. 

316 Diss. Miinchen, 1911; Jahrb., 6, 14 el seq.j 188 et seq.j 1911. 

317 As early as 1901 Db Forest had already called attention to tiu'. fac^t tlnii. horizontal 

antennsB can be used with directive receivers. S(u^ J. A, J'"lei\iin<j, ' (J. \\'. 
Pickard, Electrician, 69, 664, 1907. Regarding the action of the benl. IMau- 
CONI antenna as a receiver, sec J. Zenneck, Phys. Z(M'tschr., 9, 60 cf .se^/., 1908. 

318 Regarding earth antenn® and tlioir history, see L. Zeiindeu, Jahrb., 6, 691, 1912. 

F. &EBITZ, Verhandl., Jahrb., 6, 360, 1912; 6, 1, 1912. Also JCTZ, 33, 
139, 1912; El., 68, 936, 978, 1020, 1912. F. Braun, Jahrb., 6, 686, 1912. 

313 L, W. Austin, Jahrb., 6, 419, 1912. Austin states that tln^ eiu'.rgy of \va.v(^s from 
Clieden measured at Brant Rock is greater than would (torrespond t.o th(5 
height of the Clifden antenna and the energy us(d at ClU’de.n. JIow(‘.v(M’, tin? 
assumptions on wliich his calculations are bas(Hl are rather (loubl.fiil. 

3“ J, E, Taylor3“3 points out the particular freedom from interfen!n(^(i of (^ortaiii 
arrangements similar to those of Bellini and Tosi. 

331 Instead of adjusting the receiver for minimum or maximum sound intcuisity, the 
direction of the transmitter can ])c ch^termined by measuring tlie (nii*rent effects 
produced in the detector circuits of two receivers and fimling tlusr ratio. 

El., 66, 898, 1910 and A. Blondel3‘'8 and Jahrb., 2, 190 et .scr/., 1909. 

322 PEleotricien, 39, 177, 1910. P. Brenot, Lum. 61. (2), 11, 174, 1910, 

323 EL, 64, 833, 1910. 

324 See Telepunken pamphlet entitled “Telepunken Kompass.” 

324a A. Artom, EL, 69, 370, 1912. 

338 General treatment: E. Ruhmer, ^'Drahtl. Tel.'' (Berlin, 1907). W. H. Eccles, 
EL, 62, 212 et seq., 1908. G. Eichhorn, Technische Mitteilungon," VoL XXV 
Ztirich, 1908. R. A. Fessenden, EL, 69, 985 et seq., 1907; EL Rev., 60, 251 
et seq., 329 et seq., 368 et seq., 1907; EL, 61, 441, 787, 828, 867, 1908. E. Nbhper, 
Jahrb., 3, 83 et seq., 1909. Demonstration apparatus of E, Hutu, Jahrb., 3, 
511, 1910. On the theory of radio-telephony see P. 0. Pedersen, Jahrb., 6, 
449, 1912. 
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A. F. Collins, Juhrb., 4, 211, 1911; El., 64, 850, 1910; ETZ, 32, 8:15, 1911, M. 
Colin and U. Jkanoio, E!., 63,511, 1909. W. Duiiiliiou, El., 67, 7;J9, 9:U, 1911, 
rElcud.ri(Utm, 41, 2;U, 1911. 

Jahrl)., 5, 2:i7, 1912. Also s(M‘. J)k Foumst, .hihrl)., 3, -KM, 1910. 

E. Ni!isi»iou.‘*-“ 

•’2»8cg G. Hkiht, .Jahrb., 3, 202, 1909. C. Tissot, C. K, 149, 281, 1909; Jalirb., 3 
189, 1909. 

If I is tlu‘. antonna curroiit, 8, tlio G.in.f. aol.inii; upon il, R tbn rosistano^*. of 
lilic iniorophono or tho oquivalonfc rosistaiKU! of tho niiio’ophono circuit- and 
Ra tho olTootivo rosistanco of tlu^ antoinia., th<‘n (assuming (^xtnanoly loos(t 
coupling and primary circuit in tunc with tho anttaiiia) wo lulV(^ 

”” R -I- Ra 


diu = 


{R + Ra) 


,dR 


HR ^ 


f’x) R/Rn 

Ra 


dR 




For a o.ortain vahio of , i.c., for a 0 (M*ta,iii ro.hitivc? (•ha.ng(^ in tli(i mi(a‘opliono 


r{?sista.n(ai tliis bocomos a maximum for R. — Ra. 

3™’ ETZ, 33, 205, 212, 1912. 

J. Majou.-vna, rEloctrioii'ji, 37, 257, 1909; IjUio. ol. (2), 11, 21() rl .svv/., 275 ct srq., 

1910. 

h:i., 66, 500 ct. .scr/., 1910. 

Jahrb., 1, 420 d .srr/., 1908. 

•<«Mahrb., 2, 24:1, 1909 (Amalgatnatiul Radioto.l. Go.). 

(). Hcuklukh, Jalirb., 3, 5:i;}, 1910. 

C'ouNT Aitco, Jahrb., 4, 79 d 1910. 

A. Mkissnkk’s nuithod consists in tliii ma-in of tlio following: A nuinlxir of spark 
gaps in series, whose nnmlx'.r and gap length arc. so chosiMi that Ml(^ voltages of 
th(^ generator or transformer is not abhi to jnin() across Ihmn is lunploytul. 
If, however, oiu) or more, of th()se gaps is hridgial by nuwins of an auxiliary (exci- 
tation, a discharge takies phwee a.cross the entirce scerics. 

With (lireidHuirrent ojairation, this imethod nia.l\c.s it possihh*. to obtain a.n ab- 
solutely re.gular discliarge rahe. For this purpose; il. offers a. more simph; nu'.ans 
than a rotating gap and morc.oveir is adaiitabhj to very low voltagcis. S(;e. 

33K V. PouLSMN, Jahrb., 2, 419, 1909. 

Eisknsti-:in, Jahrb., 2, J17, 1909. II. ItniN, Jalirb., 4, 190, 191 1. 

««Mahrb., 6, 118, 1911; D.R.P., 227989 (1910). 

D.R.P., 245445 (1912). 

J. ZwNNi'iCK, Wind. Ann., 69, 858, 1899. This same method later became the liasis 
of U. S. Patent of II. Shokmakwii and 11. (huYnw Snook (No. 7:1088J, 1908). 
D.R.P., 149701 (1902). 

Count Aikjo, Address before convention of “Nnturforscher,” Mfinster, 1912. 

J. ZiONNEUK, Pliys. Zoitschr., 13, 958, 1912. 

J*'*® Regarding the efiicioncy of radio-telegraph stations from various scientific and 
conimorcial points of view, see: J. Euskinm-Muuuay, Lum. 61., 16, ;i:>l, 1911. 
34^0. Tissot and F, PiauLiN, Jahrb., 2, 525, 1909. C. Tihhot, lOl., 67, 8;i8, 1911. 
P. Brenot, Lum. cl. (2), 12, 368, 1910. G, Eiouiioun, Jahrb., 4, 642 d seq., 

1911. 

Jahrb., 4, 216, 417, 1911. 

P. Brbnot, Lum. 61. (2), 12, 387 et seq.j 1910. C. Tibbot, Jahrb., 4, 618 at seq.^ 1911 . 
3®“ G. Rbmpp, Experiments in Strassburg, Elsace. Also see El., 66, 131, 1910. Re- 
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garding other applications in meteorology also see Jalirb., 2, 521), IDOl); 3, 5SI, 
1910. 


Curves for determination of wave-length from capacity and self-indiKij.ion by VV. \W 
Massie, el, 67, 826, 1906. 

Recent articles on the static characteristic of arcs with dilTerent (doc.trodes and 
gases: W. L. Upson, EL, 69, 60 eL seq,^ 90 el seq,, 1907. H. Tii. Simon, Phys. 
Zeitschr., 8, 471 et seq.j 1907. C. E. Guye and L. Zi5hkikoi.’p, IMiys. Zinlsclir., 
8, 703, 1907. Hetjbach, ETZ, 13, 460, 1892. ChuKJral: “Das ol(d<tris(^lie 
Bogenlicht” by E. Rasch (in “Dio Elcktrotochnilc in Einzc‘.ldarstelhing(ni “). 
Braunschweig, 1910. 

See Notes and A. Esatj, Jahrb., 6, 212, 378, 1912. Esau siinplifh^s Stiias- 
ser’s equation to the form : 


L = Airm 


loge “ + 0,333 4- E 
P 


and gives tables for the values of /Sf, whiiih depends only on [ 

* 2 ?* 


EMS, 409 et seq. 

Also seeL. W. Austin in Jahrb., 6, 588, 1913, which also gives tin', 
for constantan, manganin, platinum and copper wires. 


and n. 


inaxiniuiii loads 


5309 



INDEX 


A 
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On tho gcuenil theory of elertj’ic.ity, 
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Alisorption of ions, 07 

of waves by the earth's surface, 2*10 
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Acoustic resonance, 201 cl .scf/,, 207, 220 
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magnetic, fu'hl, 2 

Alternators, High frequency, 212 vl m/., 
271 

Amplitude, 11, 12 
curve, 12 
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